AD=AL113 392 FUBRO NAT!ONAL INC LONG SCACN Cl - FIG 1372
VERIFICATION STUDY « WAM WAM VALLEY: UTAM, VOI.UHE 1s SYNTHESIS. (L)

MAR 81 FO4708=80=C~ 0006
UNCLASSIFIED FN=TR=27=wA=YOL=1 .




L

Lo & =
i -
= um 1.8
_—

li2s Jlis s

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A



e

.

* . PHEPARED FOR

M’-omcs\ (BMO)




PHOTOGRAPH THIS SHEET

N | .
(\Q g LEVEL INVENTORY
Z
Z
(\q e
N EN-TR-27-cm-L
% < DOCUMENT IDENTIFICATION
: (8]
. S
( ) document has besn approved
. fos public releane and sale; its
N Qenibution is walimited 49
DISTRIBUTION STATEMENT
ACCESSION FOR
NTIS GRAA1
o K DTIC
UNANNOUNCED O ELY T, ™
JUSTIFICATION
APRO 9 1982
BY E
‘ DISTRIBUTION /
AVAILABILITY CODES
DIST AVAIL AND/OR SPECIAL DATE ACCESSIONED
" DISTRIBUTION STAMP
8 2 U o 1
DATE RECEIVED IN DTIC

PHOTOGRAPH THIS SHEET AND RETURN TO DTIC-DDA-2

DTIC oorve T0A DOCUMENT PROCESSING SHEET




SECURITY CLASSIFICATION OF THIS PAGE (When D.uLEnrered)‘

REPORT DOCUMENTATION PAGE BEFORE CONPLETING FORM

1. REPORYT NUMBER 2. GOVT ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER

FNTE 2F WA T
4. TATLE (and Subtitte) [ {7 \\(fjh N 3\-\)&% S. TYPE OF REPORT & PERIOD COVERED
eonwain volley  crain Frnal

UO\\)\'\'\ c T -< L“f\"ﬂ‘\ €S\S 6. PERFORMING 03G. REPORT NUMBER

FN-T R-2F-WA-T

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)

R@m N at \(.Y\C\.,Q ‘TQQ Fouad -50 'G"CCC)((_;

9. PERFORMING ORqANIZATION NAME AND ADDRESS T - ‘\

Ertec WenwWin Tog (o me Tl Fogre (’;)_a'm@_ww_@&l/

CC. XX FRES T s T e B =

~ , G F ey - . c .

Lena BHeao Con 163S3

1t CONSROLLING OFFIC\E NAME AND A\DD)RlESS Q r "(‘g 12, R&EPORT DATE %\
NS .‘OQ',‘Q@\“- AN 7\\'\:-, I Syl sy ) oy SC
Spacte oAl Miss VE Sustem s o0 N err o e e

Nerkem AES Cadaucd  (SANS | === F|

14. MONITORING AGENCY NAME & ADDRESS({f different from Controlling Oflice) 15. SECURITY CLASS. (of this report)

10. PROGRAM ELEMENT, PROJECT, TASK
AREA & WORK UNIT NUMBERS

15a. DECL ASSIFICATION/ DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of (his Repar¢)

Ois trilariiave . Cnlianite Y

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if dilterent ltom Report)

oisteVpSToN Oy ted

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse aide il neceasary and identily by block number)
. D SO 1 .

- p KT S~ Y. o p o

> > L = W — o . b -
' P > \ | 3. ) - ) X ) ‘ .
Valal Q iy - 3 g e . Rgha)
== O —) - SO 0 A 50 g
n A e LS a - g LA - - v

[} . a A . D \ . / /
/ - = - Y-

L<ro , & -y e L’)‘/ d

A .
20. ABSTRAZT (Continue on reverse side 1/ necessary and identlly by block numbér) ] b v
‘ ~his Cepors

e Cesotts I the qyeete dh Ml St
@ nductegy (A el W\\h\%b—k aln

e e I b

DS
ey wh , Locle

DD , 53", 1473  €0imion oF 1 nov 63 1S OBSOLETE

SECLRITY CLASSIFICATION OF THIS PAGE (When Data Enrered)

. N AT AT NI e oo . M USRI . 454



o2

FN-TR-27-WA-I

FOREWORD

This report was prepared for the U.S. Department of the Air
Force, Ballistic Missile Office (BMO), in compliance with
Contract No. F04704-80-C0006, CDRL Item OO4A6. It contains an
evaluation of the suitability of Wah Wah Valley, Utah for siting
the MX Land Mobile Advanced ICBM system and presents the geo-
logical, geophysical, and soils engineering data upon which the
evaluation is based. It is one of a series of reports covering
the results of Verification studies in the Nevada-Utah region.

Verification studies, which were started in 1979, are the final
phase of a site selection process which was begun in 1977. The
Verification objectives are to define sufficient area suitable
for deployment of the MX system and to provide preliminary soils
engineering data. Previous phases of the site selection process
were Screening, Characterization, and Ranking. In preparing
this report, it has been assumed that the reader will be famil-
iar with the previous studies.

Volume I of this report is a synthesis of the data obtained
during the study. It contains discussions relative to the
horizontal and vertical shelter basing modes. Volume II is a
compilation of the data which may be used for independent
interpretations or analyses.
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1.0 INTRODUCTION

1.1 PURPOSE AND BACKGROUND

This report presents the results of the geotechnical studies

which were conducted in Wah Wah Valley, Utah, during the summer

of 1980, The work was done as part of Fugro National Inc.'s

(FNI) Verification studies which have two major objectives:

1. Verify and refine suitable area boundaries for two proposed
basing modes (horizontal and vertical shelter) for the MX

missile system; and

2. Provide preliminary physical and engineering characteristics
of the soils.

The report contains two volumes. This volume is a synthesis of
the data collected during the studies. The data obtained as a
result of the field and laboratory work are compiled by activity

in Volume II.

The Verification program is the final phase of a site-selection
process which started in 1977. The objective of the site-
selection process is to identify and rank geotechnically suit-
able areas which are sufficiently large for deployment of the
Missile-X {MX), an advanced intercontinental ballistic missile
system. The phases are called Screening, Characterization,
Ranking, and Verification. Screening used existing information
from literature to identify areas which appeared to be suitable
for deployment of MX based on geotechnical, cultural, and envi-
ronmental criteria. Potentially usable regions were identified

in seven western states. Both Characterization and Verification

‘lem nATIGNAL, MO,
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programs use field studies as well as published .nformation.
Following Screening and Characterization, the available geotech-
nical data were used to rank the seven regions. The ranking,
based on relative construction costs, was made for various
basing modes. Characterization studies emphasized collection of
information to characterize geologic units with respect to
construction of the MX basing options. Verification studies
also obtain information on construction properties of the
geologic units, but special emphasis is given to refining the
usable area boundaries that were drawn during the Screening
studies. The investigative techniques being employed during

Verification studies are summarized in Table 1-1.

Figure 1-1 shows the site-selection schedule and identifies the
FNI technical report for each element in the process. Based on
the results of Screening, Characterization, and Ranking, contig-
vous portions of Nevada and Utah were selected as a candidate
si..ng region for the MX system, and Verification studies were
started in 1978. As shown, the Verification program is continu-
ing, and field work should be completed in 1981. The areas for
which reports have been issued on the Verification studies are
shown in Figure 1-2. The present usable area boundaries for
the Nevada-Utah siting region are shown in Drawing 1-1, The
boundaries will be adjusted as Verification studies are com-

pleted.

1.2 SCOPE OF STUDY
The field work in Wah Wah Valley was done in 1980, Table 1-2

lists the types and number of field activities that were

fu:nn Narionac, o,
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GEOLOGY AND GEOPHYSICS~
FIELD ACTIVITIES

ENGINEERING~LABORATORY TESTS

NUMBER OF NUMBER OF
TYPE OF ACTIVITY ACTIVITIES TYPE OF TEST TESTS
Geologic mapping stations 73 Moisture/density 147
Shallow refraction 21 Specific gravity 7
Elestriesi resistivity 2 Sieve analysis 148
Hydrometer 7
Atterberg limits 50
Consolidation 1
ENGINEERING-FIELD ACTIVITIES
Unoonfined compression 2 -
NOMINAL -
ACTWVITY NO. | DEPTH - FEET rlaxial compression
(METERS) T 12
1 200 (61) Direst shesr ?
3 1060 (49)
1 183 (47) Compestion 16
2 54 (16)
CBR 16
13 10-14 {34)
Trenches
7 39 (1-3) Chemical analysis 10
, 19 5(2)
ost pits y 2.5 (1)
- 24 3 Q1)
: ] 21
Cone Penstrometer Tests { 72 | 188 (0.3-17)
Fleid CBR tests 8 14 (0.3-1)
SCOPE OF ACTIVITIES

.WAH WAH VALLEY, UTAM

MX SITING INVESTIGATION
DEPARTMENT OF THE AIR FORCE — 8O 1‘2

TASLE

24 MAR 81
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performed in Wah Wah Valley. The techniques of investigation

are discussed in the appendix.

Access to public lands in Wah Wah Valley was arranged through
the Richfield and Cedar City, Utah, district offices of the
Bureau of Land Management (BLM)} and the Utah Division of State
Lands and Forestry. At their request, all field activities were
performed along existing roads or trails to minimize site dis-
turbance. In some cases, this restriction prevents distributing
activities in an optimum pattern for analysis of geotechnical
conditions. Archaeological and environmental surveys were per-
formed at each proposed activity location. Activity locations
were moved from those few places where a potential environmental

or archaeological disturbance was identified.

1.3 DISCUSSION OF ANALYSIS TECHNIQUES

1.3.1 Determination of Suitable Area

The number of field activities performed during this investiga-
tion established a relatively small data base for characterizing
such a large area, especially in view of its complex geology and
frequent soil variations. 1In some cases, the environmental
restrictions limited the ability to achieve an optimum distri-
bution of data points. Nevertheless, c¢are has been taken to
optimize the information that could be obtained within specified
cost and time constraints of the project. The determination of
suitable area is based on the exclusion criteria given in
Appendix A2.0. The main attention was focused on the study of
depth to rock, depth to water, terrain conditions, and near-

surface soil characteristics. Maps showing the results of these

fu:lm NaTiouaL ino.
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studies are included in Section 3.0 and the composite map of

suitable area is included in Section 2.0.

a. Depth to rock: For a Verification study, the depth to rock

is estimated, and areas where the depths are less than 50 and
150 feet (15 and 46 m) are outlined by contours (Drawing 3-3).
These céntours are interpreted from published well data, geolog-
ic literature, boring logs, and geophysical data. The interpre-
tation considers the presence or absence of range-bounding
faults, bedding plane attitudes, topographic slopes, evidence of
erosional features such as pediments, and the presence or

absence of young volcanic rocks.

b. Depth to Water: The depth-to-water map (Drawing 3-4) is

based on data from wells listed in Table II-2-1 (Volume II).
Data compiled in Table II-2-1 came from: FNI water resources
program wells, well logs on file with the State of Utah Engi-
neer's Office, and literature describing the valley hydrology.
Whenever possible, the depth to water listed for a well repre-
sents the depth to the first, shallow water-bearing 2zone, not
the static water level. Static levels can be higher than
first-encountered water depths, since many valleys contain
artesian aquifers for which the static water level is above the
aquifer. The well data are plotted on a map and used to define

the 50~ and 150-foot- (15- and 46-m-) depth-to-water contours.

c. Terrain: The terrain map (Drawing 3-5) was compiled to
show areas unsuitable for either vertical or horizontal shelters

due to either high s.rface slopes or frequent deep drainage
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incisions (criteria aré\described in Appendix Table A2-1). The
interpretation of terrain exclusions is based on a combination
of field- and office-derived data. Field data include the visu-
al information obtained by visiting the areas and making mea-
surements of typical drainage incision depths. Visits frequent-
ly result in recognition of areas with locally steep slopes (for
example, the sides of large and deeply incised drainages) that
are not recognizable from data available in the office. Office-
determined data consist of: 1) interpretation of 1:60,000~scale
black and white and 1:25,000-scale color aerial photographs to
determine terrain exclusions in areas lacking road access; and
2) topographic map analysis to define areas of greater than 10

percent slope.

d. Faults: The faults shown on the geologic map (Drawing 3-2)
are primarily mapped from high resolution photogeologic studies
and field reconnaissance. These faults are primarily Quaternary
age but some late Tertiary faults may also be included. Gener-
ally, those within alluvial deposits are of Quaternary age. The
faults shown within rocks in the mountain blocks or at the
mountain-valley contact are of unknown age but are almost cer-
tainly of late Tertiary and/or Quaternary age and have been
active under the present tectonic regime. Published maps show
numerous other faults within the rocks of the mountain blocks,
and some of these also may have been active under the present
tectonic regime. Since they are not within the siting areas,

they have not been studied. The published maps also show

‘Flﬁlll wavionas. w0,
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numerous inferred faults buried under the alluvium along the
mountain~valley contacts. These faults are commonly verified by
geophysical studies and may represent earthquake hazards. Since
they have no surface expression, they cannot be verified by the

reconnaissance methods employed in the fault studies.

1.3.2 Determination of Basin-Fill Characteristics

In addition to the primary objective of refining suitable area
boundaries, a secondary objective was to provide preliminary
physical and engineering properties of the basin-fill materials.
These data will be used for preliminary engineering design
studies, will assist in planning future site-specific studies,

and will be used by other MX participants.

The geologic map (Drawing 3-2) showing the distribution of
surficial soils is based on the interpretation of aerial photo-
graphs, field mapping, and information from trenches, test pits,

and surficial soil samples.

The investigations of engineering properties were designed pri-
marily to obtain information needed for construction activities.
For Verification studies, surficial soil conditions as related
to road construction, a major cost item, received particular em-
phasis. Emphasis was placed also on soil conditions in the up-
per 20 feet (6 m) to provide information to the approximate

depth of excavation for the horizontal shelter basing mode.

Data obtained from borings, trenches, test pits, seismic refrac-

tion lines and laboratory tests were used to estimate soil
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properties to a depth of 20 feet (6 m). The data are limited
since the field activities consisted of only 20 trenches, 20
test pits, seven borings, and 21 seismic 1lines. Seven of 20
trenches were less than 9 feet (2.7 m) deep because they encoun-
tered hard cementation and/or cobbles. There may be soil
conditions in the upper 20 feet (6 m) that were not encountered
by these 68 data points. The number of data points available for
description of the surficial soils was increased to 172 by using

32 surface samples and 72 cone penetrometer (CPT) soundings.

The soil parameters between a depth of 20 and 160 feet (6 and
49 m) are based on data obtained from only seven borings. The
spacing between borings ranged from 4 to 7 miles (6 to 10 km),
therefore, the data presented may not be representative of the

entire valley.

The length of the seismic refraction lines was chosen to inves-
tigate the velocity profile to a depth of at least 150 feet
(46 m), which is the depth of interest for the vertical shelter

basing mode.
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2.0 RESULTS AND CONCLUSIONS

2.1 SUITABLE AREA

The results of the interpretation of suitable area for Wah Wah
Valley are listed in Table 2-1 and shown in map form in Drawing
2-1. The exclusion criteria used to make this interpretation

are discussed in Appendix A2.0.

The total area of basin-fill materials in Wah Wah Valley is 320
square miles (mi2) (829 square kilometers [km2]). Twenty-five
percent of this area is excluded for the horizontal shelter bas-
ing mode, leaving a suitable area of 241 mi? (624 kmz). For the
vertical shelter basing mode, 38 percent of the total area is

excluded, leaving 197 mi2 (510 kmz) of suitable area.

2.2 BASIN-FILL CHARACTERISTICS

This section contains brief descriptions of the soils in Wah Wah
Valley. More detailed information is presented in Sections 3.3

and 3.4.

2.2,1 Surficial Soils

Coarse-grained granular soils are the predominant surficial
soils, covering approximately 80 to 90 percent of the area.
Thney consist of sandy and silty gravels and gravelly, silty
and/or clayey sands. Generally sandy gravels and gravelly sands
occur sporadically along the mountain fronts. Cobbles and
boulders are prevalent along the mountain fronts and particu-

larly in the southern portion of the valley.

'FJG“ NATIONAL. INO.
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AREA MI2 (KM2)

VERIFICATION STATE

SUITABLE AREA

VALLEY BEGINNING
AREA*

HORIZONTAL VERTICAL

WAH WAH UTAH 320 (829) 241 (624) 197 (510)

EXCLUSIONS AREA MIZ {KM2) PERCENT REDUCTION®*

< 50 FEET (15M)

TO ROCK 48 (124) 15
<160 FEET e = 20 .
<sor 2 00 ‘
TR | e 7

TERRAIN 18 (47)

* BEGINNING AREA COMPOSED OF BASIN-FILL MATERIALS EXCLUDING ALL ROCK OUTCROPS.
ALL LARGE SQUARE MILE AREAS ARE ROUNDED OFF TO NEAREST ONE SQUARE MILE
INCREMENT. METRIC CONVERSIONS ARE ROUNDED OFF TO NEAREST ONE SQUARE KILO-
METER INCREMENT.

** PERCENT REDUCTIONS, BASED ON BEGINNING AREA, ARE ROUNDED OFF TO NEAREST
WHOLE PERCENT. GROUND WATER DATA FROM FUGRO NATIONAL, INC. (1979b).

ESTIMATED SUITABLE AREA
WAH WAH VALLEY, UTAH

TABLE
21

MX SITING INVESTIGATION
DEPARTMENT OF THE AIR FORCE — 8MO
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Downslope from the valley margins, the surficial soils grade to
silty and/or clayey sands. "he sands and gravels are generally
poorly graded and have various degrees of calcium-carbonate

cementation.

Fine-grained soils cover from 10 to 20 percent of the area.
They consist of sandy silts, silts, sandy clays, and clays.
The fine~grained soils are mainly in the active playa and at the
edge of Sevier Lake in the northern portion of the valley. This
playa is an active remnant of Lake Bonneville. Plasticity of

the fine-grained soils ranges from nonplastic to highly plastic.

2.2.2 Subsurface Soils

Soils in the subsurface are also predominantly coarse-grained
consisting cf sandy gravels, clayey gravels, gravelly sands,
sands, silty sands, and clayey sands. Gravels and gravelly
sands commonly occur along the mountain fronts and grade to
finer soils toward the valley axis. Cobbles and boulders occur
throughout the southern portion of the valley and along the
mountain fronts. The coarse-grained soils are generally dense
to very dense below 10 to 15 feet (3.0 to 4.6 m) and are usually
poorly graded. They contain gravel and/or coarse to fine sand,
exhibit low compressibilities, and possess moderate to high
shear strengths. Variation in the areal extent of playas
in the geologic past has resulted in local interfingering of
coarse- and fine-grained deposits in the subsurface near active
playa margins. This occurs in the northern portion of the

valley which has an active playa. Fine-grained soils (silts and
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clays) are interpreted to occur in about 25 to 35 percent of the
subsurface. These soils are generally associated with botﬁ
exposed and buried lacustrine deposits in the northern portion
of the valley. This relatively high percentage of fine-grained
sediments indicates that lacustrine environments have been more
extensive in Wah Wah than in most other valleys in the siting
region. The fine-grained soils are nonplastic to highly plastic
with low to moderate compressibilities and shear strengths. The
highly plastic clays are predominant in the northern part of the
valley. Variable calcium-carbonate cementation exists in all the

subsurface soils throughout the valley.

2,3 CONSTRUCTION CONSIDERATIONS

Geotechnical factors and conditions pertaining to construction
of the MX system in suitable areas are discussed in this sec-
tion. Both the horizontal shelter and vertical shelter basing

modes are considered.

2.3.1 Grading
Mean surficial slopes in the suitable area are approximately

three percent. Surface gradients exceed five percent in about
10 percent of the suitable area. This area is mostly along the
mountain fronts. Therefore, preconstruction grading will be
minimal for most of the valley. More extensive grading will be
necessary near the mountain fronts where surface slopes range

from five to nine percent.

2.3.2 Roads
The predominant coarse-grained surficial soils will generally

provide good subgrade support for roads where they are in a
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dense state. However, most of these soils are not dense near
the surface and, therefore, exhibit low strength to an average
depth of 3 feet (0.9 m). The subgrade supporting properties of
these low-strength, coarse-grained soils are inadequate but can
be improved by mechanical compaction. Compaction to moderate
depths of 3 to 4 feet (0.9 to 1.2 m) appears to be necessary in
a majority of the suitable area. Compaction to greater depth
may be required in approximately 20 percent of the granular soil
area. Based on results of laboratory CBR tests, compacted gran-

ular soils will provide good to very good support for roads.

Fine-grained surficial soils, covering 10 to 20 percent of the
suitable area, exhibit low-strength characteristics to an
average depth of 6 feet (1.8 m). The maximum observed thickness
of low-strength soils is about 12 feet (3.7 m). Supporting
qualities of these soils are inadequate for direct support of
the base or subbase course of the road system. Results of
laboratory CBR tests indicate that mechanical compaction will
not adequately strengthen these fine-grained soils for use as a
subgrade, but a select granular subbase layer over the compacted

fine-grained surficial soils will give the required support.

Well-graded gravelly sands and sandy dgravels with less than 25
percent fines (passing a No. 200 sjieve) can be used for road
subbase and base courses. These soils are present both in the

surface and subsurface; however, their extent is not known.

Drainage incision depths appear to be generally less than 6

feet (1.8 m) within 80 to 90 percent of the suitable area.
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Therefore, the overall cost of drainage structures for roads
will be low. 1Incision depths are greater around the valley

perimeter.

2.3.3 Excavatability and Stability

The soils in the construction zone are generally dense to very
dense and possess various degrees of calcium carbonate cemen-
tation. Fine-grained soils occur in 25 to 35 percent of the

subsurface.

Horizontal Shelter: Excavation for the horizontal shelter can
be done using conventional equipment such as scrapers, backhoes,
and bulldozers. Excavation will be easy in approximately 20 to
30 percent of the area; however, excavation will be moderately
difficult to difficult in the remaining area due to cobbles,
boulders, and strong calcium-carbonate cementation in the
subsurface. Difficult excavation is generally limited to the
areas adjacent to the mountain fronts and the southern portion
of the valley. The soils investigation indicates that excava-
tions for construction of shelters should be cut back to slopes
ranging from 3/4:1 to 1 1/2:1 (horizontal:vertical) for stabil-
ity. Variations in density and shear strength, which depend on
soil composition and the degree of cementation, cause the wide
variation in slope angle. Stability decreases slightly in old
lacustrine deposits. Because of low-strength surficial soil,
the top 2 to 5 feet (0.6 to 1.5 m) in all excavations will

generally have to be cut back to 2:1 slope or flatter.
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Vertical Shelter: Relatively low compressional wave velocities
in the upper 120 feet (36 m) indicate that large diameter auger
drills could be used for vertical shelter excavation and that
the walls of the holes will probably require stabilization with

slurry or other materials.

flll:ljll wATIONAL, NG,

> cove- S A i e o <o - e

- P




FN-TR-27.WA-1
Ll
PN s o T R
: - 'h"_-"\,,,»-,,,x'f N TR

o '-‘n,,ig»'gh,\ 0

.......

. wn e
.

N

* -‘}5 \\.

i
”

A

<

4 \

v 5



$R 9oy

: . .;;,hw%m i

wnudy 27}




‘s13paoq Adjie A ]

M ‘Jj13-UISeq pUR IO U3AMIBG JOBILCD ———————
SHILIWOTIN
T ——— ]
v Z 0 ‘BLIpeys 10} |[Bws 00} 3204 Pasodxa palejus) JO seasy o
S3TIW 31N1ViS
e e e
14 4 0
3204 PIsodxa pPIIR|OS! JO seary @

000'GZ1 ‘1 3TVIS

m SUOISNIXa [B1NND pue ‘ulelsa) diydesbodol “1aitem pue 201 01 Yidap jo
{ HLHON uonea1dde Wolj PauIWIBIAP Sk sapow BLiseq Jaljays |EINIAA pue 1e1u0z1 10y Yl10q 104 3jqelinsun eany

(wgyp) 133) 0G1 Uey) 131eash sa1em pue

-(wgp) 1833 0G1 ueyl ssaj pue (WG|) 123y 0G uey) Ja1ealb ‘\\\
. ¥0. 0} yidaQ "Iai{eys [BI11I3A IO§ 3|GELINS 10U ‘INQ 131]ays [EIUOZHIOY 1O} HiqeLINS eIy \;
#0201 01 yidaQ 'sapow Bulieq 131]8ys [EMNVIIA pue {BIUOZIIOY 10} 3|QRINS ealy D

NOILVNVIdX3




T ;

.

n,

.0t €11

24 MAR 81







2-1

GRO NATIONAL INEC.

DRAWING

‘siapiog Asfle\  eeemes—

J1}-UISEQ PUP YIO1 UBAMIBY DBILOD S ey

‘Buiprys 104 [jews 004 %004 PIsoxa pajeiusl JO Sedly Y

3001 pasudxa PaIR|os! JO SeANY @

SUOISNOXa (eInND pue ‘uea aydelbodol ‘ialem pue o0l 0} Y1d3P 4O
WOl PANLLIALAPY SP sapows Buiseq 191]9ys JEDILIAA PUE 1BIUOZIIOY YI0q JO) 3jgelnsun eany

WAH WAH VALLEY, UTAH

MX SITING INVESTIGATION

SUITABLE AREA
FOR HORIZONTAL AND VERTICAL SHELTERS

DEPARTMENT OF THE AIR FORCE — BMO

(wop) 1934 04 ueyl sa1easd salem pue

. .?:mﬁﬂmmﬁompcmcammm_nCmAEm:Eo»omr‘mr_:w.m?m ‘\
v_oo‘..:cyamo..w:uc:mu..tw>5_w_om::m_o:.:.:u_o:wcm_mz_g.:oc‘_oﬁc_am::mmo_( \\\x
X202 0} Yidag 'sepow Buisey 191{ays 18211134 PUE [PJUDZII0Y JO) ajqQelins ealy

NOILVNV1dX3




Jo— - il ER e -

FN-TR-27-WA-1
19

3.0 GEOTECHNICAL SUMMARY

3.1 GEOGRAPHIC SETTING

Wah Wah Valley is located in western Beaver and Millard coun-
ties, Utah (Figure 3-1). The valley is bounded on the west by
the Wah Wah Mountains and on the east by the San Francisco Moun-
tains. On the north and south, it is separated by low, narrow
drainage divides from Sevier Lake Valley and Escalante Desert,
respectively. State Highway 21 traverses the south-central part

of the valley.

The valley is primarily undeveloped desert rangeland, with a few
corrals, fences, and water tanks. Several abandoned mining
sites and ranches are located within the valley. Milford, the

nearest town, is 25 miles (40 km) to the east.

3.2 GEOLOGIC SETTING

3.2.1 Rock Types

Wah Wah Valley is a north-south trending alluvial basin bordered
by mountains on the west and east. These mountain ranges are
composed primarily of a thick sequence of Paleozoic limestone
and dolomite, with lesser amounts of Precambrian and Cambrian
quartzites and phyllites. Tertiary volcanic rocks, consisting
of dacite and pyroclastic rocks with minor basalt, are present
in all the mountains bordering the valley (Stephens, 1974; and

Hintze, 1963).

3.2.2 Structure
The geologic structure of Wah Wah Valley is typical of the Great

Basin tectonic province and is a result of late Tertiary/

fmm waTioNAL NG,
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Quaternary block faulting due to tensional stresses directed
east-west or northwest-southeast. Fault structures in the Great
Basin are generally tilted blocks or horst-graben structures in
which the valleys occupy the down-tilted or the dropped blocks,
and the mountains represent the upturned or lifted blocks. Most
tectonic features, including the major faults bounding these
blocks, generally trend north-south and are usually located near
the margins of the valleys, although a few faults have been
found near the valley axes. In some cases, however, faults are

oriented in other directions.

The alluvial basin fill in Wah Wah Valley occupies the low part
of a down-to-the-east tilted block, and the Wah Wah Mountains
to the west represent the uptilted portion. The major basin-
bounding fault system in Wah Wah Valley is on the eastern side
at the base of the San Francisco Mountains. The surface mani-
festation of this structure is a 20-mile (32-km) long zone of
subparallel scarps in alluvium. The maximum observed scarp
height of 41 feet (12.5 m) occurs north of Newhouse Ranch (Draw-
ing 3-2). The last movement on this fault system probably
occurred in late Pleistocene time because the fault cuts
intermediate-age alluvial fans (A5i) but not younger-age allu-
vial fans (AS5y) and because the fault is covered to the north by
unfaulted lake shorelines of latest Pleistocene age (about

10,000 to 15,000 years old).

Several smaller, localized fault zones are located in other

areas of the valley (Drawing 3-2). All of these tectonic

1blar!ln.ulgunn
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features trend northerly and appear to be normal faults typical

of the Basin and Range tectonic province.

A local zone of late Quaternary faults on the western side of
Wah Wah Valley at Wah Wah Springs is composed of several short,
subparallel, northwest-trending scarps in alluvium near the
rock-alluvium contact. A height of 20 feet (6 m) was measured
on one of these scarps. Springs coincident with this fault zone

suggest that it may form a ground~water barrier.

Several small faults in bedrock or at bedrock-alluvium contacts
have been identified around the valley. Most of these faults
have northerly trends paralleling the regional structural grain.
Their strong surface expression indicates they may be young,
however, their age is uncertain because they are not overlain by
young geologic units which could be used to date their last

movement.

3.2.3 surficial Geologic Units

Geologic data stops and engineering field activities were used
to verify the aerial photographic interpretation of surficial
geologic units. The data stop and field activity locations are

shown in Drawing 3-1,

Lacustrine deposits from Pleistocene Lake Bonneville occupy the
center of Wah Wah Valley and are the predominant surficial
geologic units within Wah Wah Valley (Drawing 3-2). The highest
shoreline of Lake Bonneville is well preserved and forms a
contact between the alluvial fans on the valley margins and the

lacustrine sediments in the center of the valley.

fman NATIONAL NG,
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Surficial geologic units mapped within Wah Wah Valley (Drawing

3-2) consist of the following:

(o]

Older Alluvial Fan Deposits (A50) - These Pleistocene sedi-
ments form the least extensive unit in the valley, occupying
less than one percent of the total area. Only one area of
old alluvial fan deposits was mapped. This area is located
on the western side of the valley. These deposits are
composed of sandy gravel and are uncemented with a Stage I
caliche development in the near-surface soils.

Intermediate Alluvial Fan Deposits (A5i) - These fans, also
of Pleistocene age, occupy 25 to 30 percent of the total
valley area. The unit forms a discontinuous band immediately
adjacent to the mountain fronts surrounding the valley except
at its northern margin. These fans are composed of gravelly
sands and sandy gravels near the mountains, grading into
silty sands toward the valley center. Cementation ranges
from absent to moderate. Caliche development is usually
Stage I but can vary from absent to Stage 1I.

Younger Alluvial Fan Deposits (A5y) - These Holocene sedi-
ments occupy 30 to 35 percent of the total valley area. They
occur adjacent to the mountain fronts, interspersed with AS5i
deposits, and near the valley center in contact with the
lacustrine deposits. The unit is mainly composed of silty
sands with a few deposits of gravelly soils. Cementation is
absent, but some fans are moderately indurated. Caliche
development is usually Stage I but varies from absent to
Stage 1II.

Fluvial and Associated Flood-plain Deposits (A1) -These sedi-
ments are also of Holocene age and cover less than one
percent of the valley area. They are primarily present in
small channels that empty onto alluvial fans and are composed
of silty sands and sandy silts. Both cementation and caliche
are absent.

Lacustrine Deposits (A4, Ad40) - A4 represents Holocene playas
and Ado designates Tertiary-Quaternary lacustrine sediments.
Together these units occupy 35 to 45 percent of the total
area and cover the central and northern parts of the valley.
Many soil types are represented in these deposits, consisting
of sandy gravels in old lake bars, silty sands and gravelly
sands in old lake-bottom sediments, and silts and clays in
the active and inactive playa areas. Cementation is absent,
induration is moderate, and caliche development ranges from
absent to Stage I.

fn:m NATIONAL 1T,
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3.3 SURFACE SOILS

Surficial soils of Wah Wah Valley are predominantly coarse-
grained. They range from gravels with some fines to sands with
some fines. Fine-grained soils (silts and clays) have a limited
areal distribution confined generally to the active playa in the
northern portion of the valley along the edge of Sevier Lake.
Soils from the predominant surficial geologic units can be
combined into the following three categories based on their
physical and engineering characteristics:

1. Sandy gravels and gravelly sands (geologic units Ados, Abys,
ASys/Ados, and A5is);

2, Silty sands and clayey sands (geologic units Ados, ASys,
A5ys/Ados, and A5is); and

3. Silts and clays (geologic units A4f, AS5ys, AS5ys/Ados, and
AS5is).

3.3.1 Characteristics

A summary of the characteristics of surficial soils, based on
field and laboratory test results, is presented in Table 3-1.
In addition to the physical properties, the table includes road
design data, consisting of laboratory compaction and CBR test
results; thickness of low-strength surficial soils; and a
qualitative assessment of their suitability for road use.
Gradation ranges for the three categories of surficial soils are
shown in Figqure 3-2. The surficial soils in the top 2 feet

(0.6 m) have sporadic, weak calcium-carbonate cementation.

Sandy gravels, silty gravels, gravelly sands, and sands cover
approximately 40 to 50 percent of the valley. Gravelly soils

commonly occur in the younger and intermediate age fans along

fn:no MATIONAL, O,
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SOIL DESCRIPTION

Sandy Gravels, Silty Gravels,
Gravelly Sands, and Sands

Silty Sands and Clayey Sar

USCS SYMBOLS

GM, SW, SP, SM

SM, sC

PREDOMINANT SURFICIAL GEOLDGIC UNITS

Ados, Abys, Abys/Ad0s,AS5is

Ados, Abys, Abys/Ados, /

ESTIMATED AREAL EXTENT % 40-50 4050 B
PHYSICAL PROPERTIES ‘
COBBLES 3 - 12 inches (8 - 30 cm) % 0-20 0.5
GRAVEL % 1-77 (15] 027
SAND % 8-91 (15] 3881
SILT AND CLAY 5 3.27 (15] 1746
LIQUID LiMIT NDA 25.35
PLASTICITY INDEX NDA NP 12
ROAD DESIGN DATA
NAXINUM ORY DENSITY pct (kg/m?) (‘23(;9-)3'_ ljig (3) (‘1‘%2‘_ ‘231-%
OPTINUN MOISTURE CONTENT % 8.5-9.1 (3] 9.7-14.0
CBR AT 90% RELATIVE COMPACTION 5 7-33 (3] 4-34
SUITABILITY AS ROAD SUBGRADE (1) good to very good faif to very good
SUITABILITY AS ROAD SUBBASE OR BASE (1) fair to good poor to fair
T T - R N R
SURFICIAL SOIL ‘%) AVERAGE 1t (w) 2.0 (0.6) (18] 34(1.0)

4

of the Appendix.

Suitability is a subjective rating sxplained in Section A5.0

NOTES:

° { J = Number
o NDA - Mo data

(2) Low strength surficial soil is defined as soil which will perform not °°'ﬂ
poorly as a road subgrade at its present consistency; see Table 3.2
for details.
24 MAR 81
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~+-
‘ Sandy Silts, Siits,
¢ Clayey Sands ’ !

Ity Sands and Clayey Sandy Clays, and Clays
M, SC ML, CL, MH, CH

40s, ASys, ABys/Ados, ASis

A4f, Abys, ASys/Ados, Abis

0-50 10- 20

-5 0

I-27 {33] 0-6 [14]
18 - 81 {33] 0-48 {14]
7-46 [33] 50- 100 [14]
25 - 35 (4] 23-57 (12]
; 12 (71 NP - 31 [13]
Ban o | imm o
.7 - 14.0 (8 12.7 - 22.0 (5]
| -34 (8] 4-17 {5]
ir to very good poor to fair
;)or to fair not suitable
Lo o | &5 o
400 142} 6.0 (1.8) (10]

e

4 [] = MNumber of tests performed.

® WDA « Mo data available (insufficient data or tests

not performed)

CHARACTERISTICS OF SURFICIAL SOILS

WAH WAH VALLEY, UTAH

MX SITING INVESTIGATION
DEPARTMENT OF THE AtR FORCE - Mo

TABLE

31

GRO NATIONAL, INC.

AFY-18




—— - —— a—_— [ [ 3 [ Y

26
FN-TR-27-WAI
GRAVEL SAND
TOARSE | FINE | COARSE] _weotwm ] Fine SILT o cu
¢ STANDARD SIEVE OPENING ¢ US STANDARD SIEVE NUNBER ) HYDROME TER )
3° 1%°  3/4° 38" 4 10 20 40 80 100 200
1004 —_—
=
T}
&
= n
o= X
=
=
- 1T
a 1T
=
& 2
[} ? v
30.0 9.0 3.0 1.9 0.9 [ I} .09 .01 . 009 .00
GRAIN SIZE !N MILLIMETERS
SOIL DESCRIPTION: Sandy Gravels, Silty Gravels, Gravelly Sands and Sands
from O to 2 feet {0 to 0.6m)
'==3' ty"  3/4° 30 [ 10 20 ° 40 80 108 200
-
5 1 i
= = s
-
= e
=
=
b dY )
—
]
-
& »
' 30.9 10.0 5.0 ) 1.0 0.3 8. .08 .01 .008 .00
GRAIN SIZE (N MILLIMETERS
SOIL DESCRIPTION: Siity Sands and Clayey Sands
from O to 2 feet (O to 0.6m)
RANGE OF GRADATION OF SURFICIAL SOILS
WAH WAH VALLEY, UTAH
MX SITING INVESTIGATION Fiaune
DEPARTMENT OF THE AIR FORCE - B0 1%‘32

1 o
24 MAR 81 USAR=02




' 27
FN-TR-27-WA-L
QRAVE SAND
' CoARSE 3 TR Tl FINE SILT 8 cLAY
STANGARD SIEVE OPENING ¢ US STANBARS SIEVE NUNBER )y . AYBRONE TER ]
' 3 15" /4" 38 [ 19 20 40 88 t0s 200
100 =
' 5 1) ;:
- 3
» 3 s
= 0 3
s
]
[
[ 1T
]
=
I~
’
5e.8 1.8 8.0 1.8 0.3 .1 .83 .01 .00 .e01
‘ GRA1N SIZE IN MILLINETERS
SOIL DESCRIPTION: Sandy Silts, Silts, Sendy Clays and Clays
from O to 2 feet (O to 0.6m)
i
,==:' 187 3/4" 30" 4 19 20 ° 40 80 180 1208
§ [ 1] i
-
= . 2
aa
| wl 3
=
LY
' =
=
T
’ 50.0 19.0 5.8 ) 1.0 0.3 R T .01 .008 1]
' GRAIN SIZE W MILLIMETERS
. RANGE OF GRADATION OF SURFICIAL SOILS
WAH WAH VALLEY, UTAH
' NE SITING INVESTIGATION "‘;";‘
DEPARTMELT OF THE AIR FORCE - T 20F 2
‘ 24 MAR 81 USAR=02




FN-TR-27-WA-I
28

the valley flanks and in the younger alluvial fans associated
with small tributary stream channels. The sands generally
extend to the mountain fronts. The gravel content increases
near the mountain fronts and locally grades into gravels.
Gravelly sands and sandy gravels have a wide range of particle
sizes and contain traces to some amounts of fines. Ccbbles and
boulders to 12 inches (30 cm) and even larger in size are occa-
sionally encountered at or near the ground surface in these
gravelly deposits. The percentage of cobbles and boulders

is higher in the southern portion of the valley.

Silty sands and clayey sands also cover approximately 40 to 50
percent of the area. They are widely distributed, being the
major component in all areas except alluvial fans very near the
mountain fronts, alluvial fan deposits associated with small
stream channels, and the lacustrine and active playa deposits in
the northern part of the valley. The sands are coarse to fine
and are poorly graded. They contain little to some amounts of
fines and their plasticity ranges from nonplastic to slightly
plastic. The fines content is highest near the playa and de-
creases toward the basin margin. Gravel content increases

toward the mountain fronts.

Silts and clays cover approximately 10 to 20 percent of the
valley. They consist of sandy silts, silts, sandy clays, and
clays. They occur predominantly in the northern portion of the
valley. These soils contain none to some amounts of sand.

Their plasticity ranges from nonplastic to highly plastic.

fmau NATIONAL 18O,
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3.3.2 Low-Strength Surficial Soil

Based on the Cone Penetrometer Test (CPT) results and soil
classification, the thickness of low-strength surficial soil at

each CPT location was estimated and is presented in Table 3-2.

Summaries of the range and mean thickness of the low-strength
surficial soil for the three categories are included in Table
3-1. Sandy gravels, silty gravels, gravelly sands, and sands
with low strength were observed to depths ranging from 0.5 to
8.1 feet (0.2 to 2.5 m) with an average of 2.0 feet (0.6 m).
Silty and clayey sands with low strengths were found to depths
ranging from 0.5 to 10.1 feet (0.2 to 3.1 m) with an average of
3.4 feet (1.0 m). The variation in the extent of low-strength
granular soils is due to fluctuations in the in-situ density and
calcium-carbonate cementation. Silts and clays exhibit low
strength to depths ranging from 1.0 to 12,0 feet (0.3 to 3.7 m)
with an average of 6.0 feet (1.8 m). The variation in the
extent of low-strength, fine-grained soils is due to variations
in the in-situ density, the amount of fine sand present, and

calcium carbonate-cementation.

3.4. SUBSURFACE SOILS

Subsurface soils are predominantly coarse-grained (granular)
except in the playa area in the northern part of the valley
wher~ fine-grained soils predominate. The coarse-grained soils
consist of sandy gravels, clayey gravels, gravelly sands, sands,
silty sands, and clayey sands. Subsurface soils within the

playa area of the valley are predominantly fine-grained. These

f.lcun wATIONAL NG,
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CONE THICKNESS OF LOW STRENGTH
PENETROMETER SURFICIAL SOIL.(D SOIL TYPE (D)
TEST NUNBER (1)
FEET METERS

C1 3.7 1.1 SP-3M
c-2 6.6 20 SM
c-3 3.0 0.9 SM/GP-GC
c-4 1.9 0.6 SM
-5 0.9 0.3 SM
Cc-6 1.2 0.4 SM
c7 1.0 0.3 ML
c8 1.5 05 SM
c-9 7.4 2.3 CL-ML/ML
c-10 6.3 1.9 ML

-G 4.5 1.4 SC
c-12 10.0 2.0 SM/SM-SC
13 2.4 0.7 SM
c14 4.3 1.3 SM
C-15 1.5 0.5 SM
C16 0.5 0.2 SM
c-17 4.9 1.5 SM
c18 1.2 0.4 SM
c-19 1.1 0.3 SM
C-20 2.5 08 SM
c-21 6.7 2.0 ML/SP-SM
c-22 3.6 1.1 SM
c-23 9.5 2.9 SM
Cc24 11 0.3 SM
c25 0.8 0.2 SW-SM
C-26 4.5 1.4 SM
c.27 2.3 0.7 SM
Cc28 10.1 3.1 SM

for Cone Penetrometer Test locations see Drawing 31
Activity Location Map.

Thickness corresponds to depth below ground surface. Low strength
surficial 'soil is defined as soil which will perform poorly as a
road subgrade at its present consistency. Low strength is based
on Cone Penetrompter Test results using the following criterias

gg<120 tsf (117 kg/cm2)
qc <80 tsf (78 kg/cm2)

Coarse grained soijls:
Fine grained soils:

where q is cone resistance.

Soil type is-based on Unified Soil Classification System; see
Section AS.0 in the Appendix for explanation

CONt
PENETROMETER
TEST NUMBER(')

THICKNESS 0F LOW STRENGTH
SURFICIAL SOIL,()

FEET METERS
C-29 40 1.2
C 30 1.0 0.3
Cc-31 2.4 0.7
C-32 4.1 1.2
C-33 18 0.5
C-34 40 1.2
C-35 6.3 19
C-36 5.1 1.6
C-37 0.9 0.3
C-38 12.0 3.7
C-39 0.5 0.2
C-40 0.9 0.3
C-41 1.0 0.3
C-42 9.5 29
C-43 29 0.9
C-44 1.4 0.4
C-45 0.8 0.2
C-46 2.0 0.6
c-47 4.1 1.2
C-48 3.9 1.2
C-49 7.1 2.2
C-50 19 0.6
C-51 2.0 0.6
C-52 11 0.3
C-53 26 0.8
C-54 1.5 0.5
C-55 39 1.2
C 56 2.1 0.6

NOTES: o For fine grain

strength surfi
of the soil at

® SH/GM - indica

® NDA - No data
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CKNESS OF LOW STRENGTH CONE THICKNESS OF LOW STRENGTH
SURFICIAL SOIL,(2) SOIL TYPE () PENETROMETER SURFICIAL SOIL (D SOIL TYPE (D)
TEST NUIIBER“*

hFEET METERS FEET METERS

4.0 1.2 ML/SW-SM c-57 0.8 0.2 SM

1.0 0.3 SM C-58 1.7 0.5 SM

24 0.7 sP C-59 15 0.5 GM

4.1 1.2 SM C-60 1.0 0.3 SM

18 0.5 SM C-61 24 0.7 M

40 1.2 SM/SW C-62 5.0 15 MH/CH/SP

6.3 1.8 SC/SP-SM/SP c-63 2.0 0.6 SM

5.1 16 SM C-64 8.1 25 SP-SM/SM

0.9 0.3 GM C-65 1.0 0.3 SM'CL

12.0 3.7 ML/MH/ML C 66 3.2 1.0 GP-GM/CL

0.5 0.2 GM c-67 30 0.9 SM

0.9 0.3 NDA c-68 14 0.4 SM

1.0 0.3 SM C-69 70 0.6 SM,/CH

95 29 CL/ML c-70 6.5 2.0 SM/SP

2.9 0.9 SM cn 6.0 1.8 SM/ML

1.4 0.4 SM c-72 1.0 0.3 GM

0.8 ‘ 0.2 SM

2.0 0.6 NDA

4.1 1.2 ML

39 1.2 CL-ML

/1 22 SM

1.9 0.6 SM

2.0 0.6 SM

11 0.3 GM

26 0.8 M

15 0.5 M

39 1.2 SM

2.1 0.6 SM
NOTES: @ For fine grained soils (ML, CL, MH and CH), thickness of |ow
| strength surficial soil will vary depending on moisture content

of the soil at time of testing.
© N/GN - indicates SM underlain by GM
o Nk - No data available THICKNESS OF LOW-STRENGTH
SURFICIAL SOILS
WAH WAH VALLEY, UTAH
TAB. E
MK SITING INVESTIGATION
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fine-grained soils consist of sandy silts, clayey silts, silts,
sandy clays, and clays with plasticity ranging from nonplastic
to highly plastic. At the playa margin, these fine-grained
soils interfinger with the coarse-grained soils. Fine-grained
soils are estimated to compose 25 to 35 percent of the subsur-
face deposits within the suitable area boundaries. This per-
centage of subsurface, fine-grained soils is higher than is
found in most MX valleys because Wah Wah Valley has signifi-
cantly more lacustrine deposits. The composition of subsurface
soils with depth, as determined from borings, trenches, test
pits, and surficial soil samples, is illustrated in the soil

profiles presented in Figures 3-3 through 3-6.

Results of seismic and electrical surveys are summarized in
Table 3-3. The characteristics of subsurface soils, determined
from field and laboratory tests, are presented in Table 3-4,
Ranges of gradation of tl~ subsurface soils are shown in Fig-
ure 3-7. Coarse-grained subsurface soils are poorly to well-
graded, contain coarse to fine sands and gravels, and are dense
to very dense below 10 to 15 feet (3.6 to 4.6 m). Variable
cementation occurs intermittently, but well-developed, continu-
ous cementation was not encountered. These soils exhibit low

compressibilities and moderate to high shear strengths.

Fine-grained soils (silts and clays) range in consistency from
stiff to hard and exhibit low to moderate compressibilities and
shear strengths. Soil plasticity ranges from nonplastic to

highly plastic depending in part on the amount of fine sand
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DEPTH RANGE

2° - 20° (0.8 - 6.0n)

SOIL DESCRIPTION

Coarse-grained soils

#ﬁne—grained soi

Sandy Gravels, Clayey Gravels,
Gravelly Sands, Sands,
and Silty Sands

Sandy iits, Clayey S
Sandy Qlays, and Clay

surveys.

® Characteristics of soils below 20 feet (6.0 meters) are based on results
of tests on sampies from 7 borings and results of 21 seismic refraction

USCS SYMBOLS GW, GP, GC, SN, SP, SM ML, CL, MH, CH
ESTIMATED EXTENT IN SUBSURFACE ] 70 - 80 20 30
PHYSICAL PROPERTIES
wover | Bh S e |
ROISTURE CONTENT ] 1.5- 3.1 (17] 75-29.2
DEGREE OF CEMENTATION moderate to strong moderate
COBBLES 3-12 inches (8 -30 cm) 4 0 15 0
GRAVEL ] 0-65 [39] 0-9
SAND g 18-94 139] 0-47
SILT AND CLAY % 2 46 [39] 51 100
Liauip LImIT 23-49 (2] 21 67
PLASTICITY INDEX NP - 19 {3} 3-44
COMPRESS1ONAL WAVE VELOCITY fos (wps) e ;‘fgg (42 s PR
SHEAR STRENGTH DATA
UNCONF INED COMPRESS 10N $y = kst (kN/m2) NDA 0.7 (34)
TRIAXIAL COMPRESS10N ¢ = ksf (kN/m2), ¢° NDA NDA
DIRECT SHEAR ¢ - ksf (kN/n2), go| © Toof%é)w' Fo32 28 3 C(zzfis‘ ¢
NOTES:
o Characteristics of soils between 2 and 20 feet (0.8 and 6.0 meters) are ¢ [ ] = Number
based on results of tests on samples from 7 borings, 13 trenches, and o NDA - No data ¢
5 test pits, and results of 21 seismic refraction surveys. o . High ange

24 MAR 81




37
20" - 160" (6.0 - 49.0m)
ne-grained soils Coarse-grained soils Fine-grained soils
_ ) Sandy Gravels, Gravelly Sands,
its, Clayey Silts. Silts, Sanus, Silty Sands, anu Clayey Sandy Silts, Sandy Clays, and Clays
ays, and Clays Sands
MH, CH GW, GP. GC, Sw, SP, SM, SC ML, CL, CH
65-75 25- 35
91 93.6 - 130.3 848 11756
'48) (9] (1499 - 2087) (371 (1358 - 1882) (501
% (9] 3.4-28.4 {38! 2.9-345 (0]
; moderate moderate
)
: 0-5 0-5
{16] 1-64 [17} 0-2 [14]
[16] 3485 [17} 0-44 114] ,
[16) 1.37 [17) 54 - 100 [14]
(12] 25 . 48 2l 56 - 67 (11]
] [12] NP - 29 (3] 29 - 46 [11]
70 , 2000 - 6800
8) 2] (610 - 2072) (34) NDA
[1] NDA 10.5 (503) (1]
c=12, 2 =30 C=20-46 2=12 42 (5
(57) (1l (96 - 220)
7=32 (1] C=00-25 &=35.>45° C=4.0, 2=34 (1
(0 - 120) (2] (192)
~ Number of tests performed. CHARACTERISTICS OF SUBSURFACE SOILS
*No data available (insufficient data or tests not performed.) WAH WAH VALL EY. UTAR
High angle due to large gravels and/or cementation. MX SITING INVESTIGATION TABLE
c;l) DEPARTMENT OF THE AIR FORCE - oo 34

MATS
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present. Calcium-carbonate cementation is usually from weak to

moderate, depending on the age of the deposit.

The soils in the construction zone (120 feet [37 m]) have a wide
range of seismic compressional wave velocities (1300 to 6800
fps [396 to 2072 mps]) depending on their composition, consis-
tency, cementation, and moisture content. Compressional wave
velocities for deeper materials are listed in Table 3-3. The

soil types represented by these velocities are unknown.

Electrical conductivity measured for the soils in the upper 50
feet (15 m) ranged from 0.0006 to 0.0294 mhos per meter (average
0.0126 mnos per meter). At two of the 21 measuremnent locations,
the measured conductivities were less than the minimum value of

0.004 mhos per meter specified in the Fine Screening criteria.

Results of chemical tests indicate that potential for sulfate
attack of soils on concrete will range from "negligible™ to
"severe." The "severe"” rating is associated with soils in the
vicinity of the Wah Wah Valley Hardpan (see Drawing 2-1) at the

northern end of the valley.

3.5 DEPTH TO ROCK

Subsurface data concerning depth to rock in the valley were
obtained from several borings, seismic refraction 1lines, and
published well data (Drawing 3-3). Three water wells near the
southern end of the valley (W-3, W~4, W-5, Table II-2-1) pene-
trated rock at depths ranging from 715 feet to 1406 feet (218 m

to 429 m). Two shallow FNI borings (B-5 and B-6), located near

‘F.IGIIII NATIONAL, INO.
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the rock line, penetrated rock at depths of less than 50 feet

(15 m).

Drawing 3-3 shows the interpreted 50- and 150-foot- (15- and

46-m-) depth-to-rock contours in Wah Wah Valley.

The fock—alluvium contact on the western side of the valley is
highly irreqular, and many small outcrops of volcanic rock were
mapped as far as one-half mile (0.8 km) into the valley. Rock
shallower than 50 feet (15 m) was interpreted to occur in a
strip varying from one-tenth of a mile (0.2 km) to two miles

(3.2 km) in width along the valley's entire western margin.

The eastern side of the valley is characterized by a fairly
regular mountain front interrupted by a few narrow reentrant
canyons. These canyons contain alluvial fan sediments inter-
preted to be thin veneers over bedrock. Along most of the
eastern valley margin, the area where rock is interpreted to be
less than 50 feet (15 m) deep forms a strip generally less than

one-quarter mile (0.4 km) wide.

3.6 DEPTH TO WATER

Drawing 3-4 shows the locations of all data points used to
define ground-water conditions in Wah Wah Valley. The sources
of this information, in addition to FNI activities, are the Utah

State Engineer's Office (1979) and Stephens (1974).

A broad alluvial high in the northern part of the valley acts as

a topographic drainage divide between Sevier Lake and Wah Wah

fn:wo NATIONAL, ING.
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Valley. North of the divide, around Sevier Lake (at the north-
eastern edge of the mapped area), four FNI observations wells
define 50- and 150-foot- (15- and 46-m-) depth-to-water con-
tours. Surface water is often present in Sevier Lake. South of
the drainage divide, within the Wah Wah Valley basin, depth to
water is greater than 200 feet (61 m) near the playa (W-1, Table
II-2-1) and greater than 500 feet (152 m) at the southern end of
the valley. Fault-controlled springs (Section 3.2.1) are pres-
ent along the valley margins, indicating that localized shallow

water may exist in some of the canyons.

3.7 TERRAIN

3.7.1 Terrain Exclusions

Terrain conditions are shown in Drawing 3-5. Areas designated
as terrain exclusions are considered to be unsuitable based on
a combination of field- and office-derived data which were eval-
uated under the criteria in Appendix Table A2-1. Field derived
exclusions include: 1) areas having very steep slopes, such as
the sides of major drainages, and 2) areas in which incisions
deeper than 10 feet (3 m) are spaced closer than 1000 feet
(305 m) apart. Office-derived exclusions consist primarily of
identifying areas on topographic maps that have slopes greater
than 10 percent. In some instances, where road access is
inadequate for field work, office analysis of aerial photographs
is also used to define and exclude areas of rugged or adverse
terrain. However, preference was given to determining such

exclusions in the field.
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Even though areas where slopes exceed five percent are consid-
ered to be suitable, they are shown on Drawing 3-5, because they
require special consideration in planning construction and

operations.

Several parts of Wah Wah Valley are excluded based on the ter-
rain criteria. On the eastern and northeastern sides of the
valley, areas with slopes exceeding 10 percent form a band
adjacent to the mountains that ranges up to 2 miles (3.2 km) in
width. The mountains on the western side of the valley are
bordered for most of their length by narrow (less than one-
quarter mile (0.4 km] wide) strips of land with slopes greater

than 10 percent.

3.7.2 Incision Depth and Number of Drainages Per Mile

Data on drainage incision depths and number of drainages encoun-
tered per mile were collected for Wah Wah Valley. Information
on incision depths was obtained from field observations; the
number of drainages per mile was determined from both field

observations and interpretation of aerial photographs.

Applicable data were analyzed for the prevalent surficial
geologic units with the results shown in Table 3-5. Average
values of the two terrain characteristics are reported for each
prevalent surficial unit with further breakdowns praviling data
on: 1) portions of the unit on the eastern side of the valley
axial drainage versus those on the western side, and 2) portions
of the unit whose surface slopes are between five and 10 percent

versus those whose slope is less than five percent.
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' AVERAGE NUMBER OF DRAINAGES PER MILE
SURFICIAL
GEOLOGIC UNIT WESTERN SIDE OF VALLEY EASTERN SIDE OF VALLEY
SURFACE SLOPE, % SURFACE SLOPE, %
05 510 o6 510
' — — — —
as Y- _ Y= T4 =
s[Tisan [T = 8329 ] =1
ASys 8.3(4.2) — 5.8(3.2) —
Ados 8.4 (4.9) _ 8.318.3) 6.5 (3.6)
Adt - — 12(2.2) —

NOTE: DRAINAGES WERE COUNTED ALONG A ONE-MILE LINE PERPENDICULAR
TO THE DRAINAGE DIRECTION

AVERAGE DEPTH OF INCISIONS
SURFICIA
GEOLOG% u'?urr WESTERN SIDE OF VALLEY | EASTERN SIDE OF VALLEY
SURPACE SLOPE, % SURFACE SLOPE, %
0-6 5-10 0-5 5-10
“BORY
. [ B gl - L 4 1. = __1
A T Ee EEATRE u?mfgﬁ o
m
ABys 3.4 1t(2.111) —_— 361 (258K 50f*
1.0m (0.6 m) 1.1 m (08 m) 1.5m
Ados 3.9t (2.7 0 — 6.7 ft (4.0 ft} 14,3 £ (38.0 1)
1.2m (0.8 m) 20m{(1.2ml | 44m(11.6m)
Ass - - -— —

o LIMITED DATA (84n<10) VALUE IS MEDIAN, NO STANDARD DEVIATION
— NO DATA OR INSUFFICIENT DATA (n<6)
{) STANDARD DEVIATION
ASI INTERMEDIATE-AGE ALLUVIAL FANS
Aby YOUNG-AGE ALLUVIAL FANS
Ad40 OLDER LACUSTRINE DEPOSITS
A4 ACTIVE PLAYAS
9 GRAVELS
s SANDOS -
t FINES:CLAYS, SILTS

- ORAINAGES PER MILE AND DEPTH OF INCISIONS
IN PREVALENT SURFICIAL GEOLOGIC UNITS
WAH WAH VALLEY,UTAH
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The small areal extent of some of the surficial units resulted
in only limiteC or insufficient data for analysis. The avail-
able data show that the drainages occurring in the lacustrine
deposits (A4c) and younger-age alluvial fans (ASy) are deeper on
the eastern side of Wah Wah Valley, while those occurring in the
intermediate-age alluvial fans (A5i) are deeper on the west.
Incision depths vary within a unit depending upon its grain size
and degree of slope. All prevalent surficial units have a
slightly greater number of drainages per mile on the western

side of the valley.

funlm NATIONAL INC.




-

FN-TR-27-WA-1I
46

REFERENCES

American Society for Testing and Materials, 1976, Annual book of
ASTM standards, Part 19: Philadelphia, American Society
for Testing and Materials, 484 p.

Folk, R. L., 1974, Petrology of sedimentary rocks: Austin,
Texas, Hemphill Publishing Co., 182 p.

Fugro National, Inc. 1980, MX siting investigation, water
resources program, summary for draft environmental impact
statement, V. II, 155 p. (FN-TR-38).

Hintze, L. F. (compiler), 1963, Geologic map of southwestern
Utah: Brigham Young University and Utah State Land Board,
scale 1:250,000.

Stephens, Jerry C, 1974, Hydrologic reconnaissance of the Wah
Wah Valley drainage basin, Millard, Beaver, and Iron
counties, Utah: Utah Department of Natural Resources,
Technical Publication No. 47, 53 p.

Stokes, William, 1979, Stratigraphy of the Great Basin Region:
RMAG-UGA-1979 Basin and Range Symposium.

Thorman, C. H., and Ketner, K. B., 1979, West-northwest strike-
slip faults and other structures in allochthonous rocks in
central and eastern Nevada and western Utah: RMAG-UGA-1979
Basin and Range Symposium.

Travis, R. B., 1955, Classification of rocks: Quarterly of the
Colorado School of Mines, v. 50, no. 1, 98 p.

United States Army Corps of Engineers, Technical Manual 5-30:
U.S. Army Corps of Engineers, p. 2-86 to 2-96,

U. S. Army Waterways Experiment Station. "The Unified Soil
Classification System." Technical Memorandum No. 3-357,
Office of the Chief of Engineers, U. S. Army. April 1960,
reprinted May 1967.

Utah State Engineers Office, 1979, Reports of well drillers,
various dates: Utah State Offices, Salt Lake City.

'[imno MATIONAL MO,

e e




FN-TR-27-WA-1

D £S5
T e

g

~
.

“£1L

.Ul
—




w.mmmw, SOUWM

NI
; L Q«\ 3




SHILIWOTIM

Y
14 4 0

S37IW 31NLVLS
—— — - —
v 14 0

000'GZ1 ‘1 3IVOS

HLHON

POt seam BUIOQ VU JTIOQWIAS § 4D (Z) 10 1OUWAS
bursoq syl (1) soyite Aq PeIBUDISDP 58 LOIeDOJ EX1130D vyl
'UOIIRI0] AWRS AU 18 PIULIOII AIIM SN PN Hrinw 3BYM FLON

%I04 Pascdxad PIYEJOL JO RSy

*s10ploy Aajjep

‘1114 UISBQ puUE 201 UdaMIaq 1DBIUOT)

INIT ALIAILDY

1531 (48D} OlLVH ONIHVY3E VINHO41TVD 01314

7173IM TVYNOILVAHISEO0

ONIGNNOS ALIAILSISIY TVIIE10373
INIT NOILIVH43YH DINSIIS

114 1531

HON3HL

374AVS 10S TVIDIJHNS

{1dD) 1S31 H31IWOHLINIM INOD

7713M TYNOILVYAY3SE0 ANV ONIHO8

ON1H08

NOILVY1S J1907039

NOILVNV1dX3

110

)

-
o~
-—

-—
'
[* 5

A

1

o

q

e o ¢ O

s,
e




. SN




i

iy

et
O

.

.

Lo N,

~




I

IvIS

UOKIBVO) AWRS oyt 1L}

1) st BULIOG DU P JOGUIAS | 47 (7) 10 [0GQUWIAS
buiioq o\ (1) yite At] PeleubiSop 3t UONPLO| L XII0D Wyl
HAGHII VDM S LAILOR I INW 3304M ILON

3204 PASOCXa PIIELOSI 4O BTy

‘sJapluy AdjleA

11} UTseq PUB HO0J UvaMId( 1I€IU0T)

INIT ALIALLDY

1531 (482) O1LvH ONIHV3E VINHOJITVYD A131d
T713M TVYNOLLVAHISEO

ONIGONNOS ALIAILSISIY TvDHH10373
INIT NOILOVH43Y DINSIIS

114 1531

HON3YL

ITJWV'S TI0S TVIDI4UNS

(LdD) 1S31 H31IWOH13INId INOD
7173IM TVNOILYAHISH0 ANV ONIHOS
ON1H09g

NOLLV1S 31907030

NOILVYNV1dX3

. o)

® @ ¢ O

ACTIVITY LOCATIONS
WAH WAH VALLEY, UTAH

ODRAWING

31

MX SITING INVESTIGATION

OEPARTMENT OF THE AIR FORCE — BMO

GRO NATIONAL ING.

I



e vt g - e Sl =

— v —~——

Y /\.\.t?&. P
W " { by
ot Y

. - e :
g 5 . .
oS e L Gt
S / . ..:w - K

/: 3 M, ; ey
N _YALNNOD QUVIW <
I’ - 4 H ~ \ ke

- P, ALY [N & ) \ A ‘ll\w | TPEITIT R A \s v .¢~...
e B e LW T S

. mwwd.;

1(@* ucv.</\A A

T B "oy
o w .

£

i Id I gy S

. \~ ? ‘vd\\,..ﬂwb-/ A .
’ H
2
H

as i
. R NS
. 14.. ~

ATTIVA IV BIIAIS

: o

FN-TR-27-WA-1
AT
~

P o DT




BEEN \M L

NS

” M Yy
! o

e
r

..uf/ )N/;\. . .\
yue 0w 0 L

N X
i LN
CEN -
ERNE SR N :
B
. ’ Jom
‘ BRRs N i
i . > : :
. o H >
. P

P

«

~

s N
R
q,m\\“w
L
.
A
RN
3




SHILIWOTIN
—
v c 0

SINUNW ILNLVYILS

e
14 F4 0

000'6Z!L :1L 3IVDS

HL4ON

S1INN MNO04Y

Hun onoytuased KAG YIDap MOJfeUS 18 ute(sepun st 15 PaIs) JIUN 8yl JIOYM Base Ue 50§ uoneubtsep v

IS4} pOISY) 21 3UN Jueuiwopayd ay "ejeds dew e a)qesedasul ale sisodap Jo sI0AL OM] 31oym sease J0) uoneubisap tun

‘sjaaesb Apss - 650Gy  "saoejuns Jeuoisola papunoa pue suolsioul daap Bulaey suey [elanjje abe-pio

wpaeib Apues - BiGy spues Ajjaaesb pue Aijis - SIGY -abe-312Ipauatul JO suey RIAN]lY

‘stoaest Apues - 6AGy
:spues Ajfaaesb pue Ayjis - sAGy ‘SO pue sijis Apues - JAGY BulINd00 Mmou §| UONISOJaPp 31aym suej [e1anje abe-5uno A

'sainieay 3uNdIOYs pue sieq ul s{aAelb Apues - fopy ‘uoneIuBWIPas YIeaq SI0YS AU
Yiim peleroosse pues Alfis - sopy ‘seAeld plo ydim pajetoosse sAepd pue siis - Jopy “sifsodap (axef} aunsnde| 19pl0

‘pues AJIs - SpY ‘sAed pue s1jis - jpyy “seAepd aA1loe uo BuLINIDO siisodap (axe]) aulasnoR) Buno i

»

"puns Afjanest pue Ayts - sy
‘sAed pue siyis APUES - } |/ "SUIR[d pOO[} UO pUE S|aUURYD WEANS Ulspow Ul SYIsOdep e1Any) bunoA

S1ISOd3d 17114 — NISv8 IVIOI4HNS

NOILVNV1dX3

IR
' ”;

§ 1u3s3a
; 3LNWVOS3

2




‘(6L6L) SIS

pue ‘(G161 ) MUl PUS URWIOYL “Ulep peystQRdun (0861 ‘8/6L)
3uf ruoReN 06N (W0l X304 Pesodxd JO seds W ABOI0SD) ‘€

] UORINS TI JWNIOA VY PIPRIUI 5 Tun ANB0IO6 IRk jo

vondisep pezii:1auah pur e1ep uonels e jo uonengldy v °|-T] fuimeiq
0 WO A U PAIUsSAId % SUORENs eIEp AG0JOB JO LORNALITP AL T

“Jun 24601086 & UIYIIM Jussexd 8q Aew 9dAl §Os J3410 4O

Sunowe SupAie A “Sa0A1 HOS JUBUHLOPSID 3 0) J)8 suUORdpIIEep un

‘uonCIuesasd deus JO BIR0S PUE SIPOCER MIJLINS JO ALIGRICA O) anQ
*1jos §O 188) [Rsanns soddn ayt O} ANO ureLIod SHUN [H§-199]G FANINS |

‘S3LON

*(15am pue YINOS ‘Yuou) s1opioq ABHEA

pibojoyd j2113e uo imosb feuotieieboa seauti| e se passasdxa Afjeseuab ‘1 ne} e Ajqeqosd Juawseaut} U013

‘WAN[E Ul PYLISJUY 318ym panlop
paq ut paledo} Apiewixoidde 31dym paysep "apis UMOJYIUMOP UOC [eq ‘aimidny adeysns Jo aoen ‘liney

“SHUN ¥204 O [{1§-USSeq (EIDILINS UABMII] JIEIUOD

“Jilj-uiseq PUE 320 UIIMIIG 1I8IU0D)

STCBNAS

‘wnsdA9
*211WOo|0P PUB 3UOISAWIT
“auoispuesg

———
-~

-sonse}o0s 1 pUB sapIGILB) ‘SMOL} USE ‘S34N1 PIpIam 4O SULISISUOD $I01 JIUBDIOA PAIENUIIBPIPUN

‘syjeseq 4O BuIISISUOD $01 JIUBDIOA PAIRUUIIBPIPUN

-g1Isepue pue aitoep ‘dilie| ‘31joAYL JO Bunisuod $3204 DIUBIJOA paenudIIpuNn

SLINN HO0H

po— L Ag Wadap moj(eYs 18 UIe[4BpuN St 1sJly PAYS]E JIUN 3yl dI10yMm ease ue 10} uoneubtsep v

L8
A
r»pawll_

(S) Amausuntp

—

o)
N |

—

b
o
3

(1) snoauby

sy,



gm<* w ..CJ<u.eﬂu< —~r

| < 1 sop
AR,

. . e \ F{Q \ 3 .
S)SovY ) | T2§)sopv N
U A R AN N oy
o8 /% N <.Mm mfk»wrw\
7/ -y ._vn.B. >>m<xﬂ.¢; ..%;,.x;ﬁ;..;.,.ﬁ\.

s ey sonmian kT

- ”, 1 Y I \Q o ) ...\. 0 )
A 1 A7 N2, 0 A
N } e x
AN
A R N

gy

J wa/oﬂ./._dﬂsza 1) shev ;

bbbt

e €Lt

-

24 MAR 81

g




!
3 a i

o%.} m 7

2 4 .\ ’
PM’@N&« WM&.«})

< ﬁlwm//—

Zond ﬁmmlw \

/

s

*

r- 924,»,\_
Q

s. 5

Sy b ¢«.m<

\:
L

GV

N »

M

e

< _ /
/[ (esTEsy
= am,
a5y

9
\m\ﬁ/ﬂﬂ Rc m

siﬂﬂ
RUFYEN
/u> v/

Gy
.ﬁs&ﬂ 5




W

|

frosc..a 3u) "a|eds dew 12 a|qeiedasul e sjisodap 0 sadA} OM] 3J3ym seale 10} uoneubisop lun
|

r%ﬁ& Apues - BOGY 'S30BJINS [BUOISDI3 PAPUNOL PUB SUODISIDUL daap Buiaey suey jemnije abe-pjg

'sjaaelb Apues - BiGy ‘spues Ajjaaelb pue Ajjis - SIGy  -abe-aleipalwiaiul Jo suey feIANjlY

‘sfoaesh Apues - BAGyY
s - SAGY sAejo pue s|is Apues - JAGy ‘Buiinaoo mou st uonisodap aiaym suey felan)je aBe-buno A

'SaIN}eds JUNBIOYS pue sieq Uy siaaesb Apues - fopy ‘UonieIUAWIPaAS YIRAQ BJOYS Jedu
bes A3JIS - sopy ‘'seAeid pJo Ylim paleroosse SABP pue Sifs - Jopy *siisodap (3je]) aurnsnoe) BP0

‘pues AJjIs - spy ‘SABID pue sijis - Jpy “seAepd aalloe uo Sulinado siisodap (aye) surnsnoe| buno

®

"pues Ajjaaelb pue Aljis - sy
EAR pue sisApues - j1y sulefd poo[j U0 pue S[auUEYY Wealls ulspow ut s}isodap jelanyy buno g

S11S0d3Q 1114 — NISV8 1VIJI4UNS

NOILVNV1dX3

sAgy/sigy

bigy
SIGY

fAGy
sAgy
JAGY

bopy
sopy
by

stV
144

Sty
iy

i

/ wwasaa \
; IANYIVOST §

IR J
73 T

# 51,86




‘(6L61) sexms

PUB "G ) MUl PUR URWIIOYL “Viep PIULIIGhAUN (0B6L ‘6L6L)
"W F:uolieN 046Ny (WOl 3204 Pasodxd 4O seak W) ABOIORD) °§

T uohizes I 3WNOA Ut PapNjoul 51 un HBojvab [k jo

UouIINep periLsaush put elep uonels W Jo uoneinady v “|-I1 Suimeiq
0 AWOA Ul pajuosard % suones erep A60j0e6 jo vonnquIstp ay) °Z

un 2604006 e UM Juesesd 6q Aews $9dAL 105 13410 4O

Junowe BupAse A “89dA) 0 JUBURLOPEId 3yl 01 42485 SUONALIISDP Siun

‘uoncIVEsaId dBL JO $RIS pUe LISNCIP WIJYINS JO ALIIGRIIEA O} anQ
‘1108 JO 188} KJ0ADS 204N 3yl 0) ANUO ulRLIAd S3UN [Y14-UISeq PANPINS °|

*S31ON

‘(1sam pue yinos ‘yliou) ssapioq Asjjep

Lid (21098 uo LIMOID Jeuoilelebea seaul| e se passaidxa Ajjessuab ‘1ney e Ajgeqoud ‘uswesul U019 |

“WINIAN|[e Ul POIBJUL 3I3ym panop
bag ul paleso] Aplewixoidde 31aym paysep ‘3pis uUMOIYIUMOP UO |jeq ‘3in1dns adeyIns Jo aoen ‘3ne4

*SIUN 3004 4O |]1}-UISEQ [RID1LINS UIBM)I2] JDORIU0Y)

“[j-uIseq pue 300l UIIMIAG 19ejuC)

STCBWAS

‘wnsdAo)
*JUWOI0P pue auoIsswLT]

‘duolspuesg

———

_——
"SH1Se(204Ad pue saitiqiwbl ‘'smojy yse ‘s papjem o BUIISISUOD $34204 DIUBD|OA PUIENIUVIdLIPUN
‘s3jeseq JO BUIISISUOD $)I0. JIUBD|OA PIIETIUBIIPUN

a1sapUE pue LTEP ‘@IfIe] ‘AUJOAUI JO BULLISUOD $5001 JUBD|OA paienuaiapun

SLINN XHO0H

NoyIused a4 AQ YIdap MOJIRYS 1€ LIB[JAPUN SI 1511} PBISI} 11UN BUL dJaUM ease ue 10) uotieubisap v

l.”l' Vi

_
3
A
,.|4 -t
LB

(S) Adejuowiipag

{ 1) snoaub

(zs) 96V

SURFICIAL GEOLOGICAL UNITS

WAH WAH VALLEY, UTAH

DRAWING

3-2

MX SITING INVESTIGATION

DEPARTMENT OF THE AIR FORCE — BMO

GRO NATIONAL, INO.

BT 2 RN

. -




NG . . . . . R 5
% T “ NN

B Il L W RN
o

~~~~~~~~~

;ym wn oo

!..', ,.‘a..:.,.\....',,.\”t.“.: -
S NN N

7 &
N






SH3L3IWOTIN

f— =]
v 4 0

SITIW ILNLVYLS
e E— e
v 14 0

000°'GZL 'L 3TVOS

HL1HON

‘POUNIQO wie BIED EUORIPPS

w pelJedXa aq U SUOHILIO] JHOMI0D Y wlusyd

3WOG "CRUI BY) LO UMOYS U EIEp POLUAL Ay} pus
UONEINIAI IV 60006 UO PSR @2 TINOJU0D 3U) J1ON

PANNUNCIVA JOU ¥I0J YIIYM 1e Y103p |e1o} *$359Y1U3IR0 Ul UBYM ‘IO HD0) 0} ydag

I-Z dgey ‘I swnioA (O} Hd3m -mw-ﬂ.rtw\cvuao ‘pue ‘(M) 1M Jalem paysygnd
(@) Butsoq ‘(YS) BuIpUNOS AlIA1ISISal (E211108|2 PUR 3UI| UONDERIHS LSS - @asnog ereq

‘Buipeys 10§ |fews 00} %004 pasodxa pole|os! JO sedly

*5901 pasodxa pale|os! JO seary

*S39pI0q AdjRA

“Jj1j-UISEq PUE 3301 USIM1Q 10RJUVD

‘{wgy) 1884 0G1 pue (WGL) 1934 05 UIIMIQ HVO4
sajeapul buipeys - (wgt) 139} 0yl Aja1eunxoidde jo Yidap e ie 304 sajestpul NoJU0YH

(WG ) 1334 OF UeYR 558} %001
sa1eatpur BuIpeys - (WGL) 199) 0G Ajrewixoidde 4o Yidap e 1e ¥70) SAedlput Mowo)

NOILVNV1dX3

£
6-4s










‘Poueiqo ale elep [BuUChRIppe

% POIJedxo 8 UBI SUONDI0! JNOJUOD ut SBUBYD

3WOS "dew syl U0 UMOYS U0 elep PoljuH] 3yl pue
UONRPINIAI NHOI0ED uo peseq a2 TINOVO3 3yt JION

P3431UN03US 10U %204 YIIYM 1e YIdIP |10} ‘sasayiualed Ul UBYM ‘IO 3004 0} yidag

12 31ge) ‘I awWNjOA (D) 119M “mwm 1RUOIIBAIRSQO ‘puk (M) H13m 131em payslignd
‘(8) butiog :(ys) Burpunos AJIALISIS2) 1€D1110819 pUB au| UOIIJBLS JIWISIAS - 304NOS Bleq

‘BuIpeys 10y J{eWS 001 ¥D04 Pasodxa pale|os) 4O sealy

*3204 pasodxa pale|ost Jo sealy

*$J3pa0Q A3jle A

‘litj-uiseq ptie %004 uUdaM]aq 1dejuo)

"{wgy) 199 0GL pue (WGL) 1834 OG UBIMIBQ HVO)
sajeatpui fuipeys - (wgp) 1804 041 Aj@reunxoidde jo Yidap e 18 3004 saledipul INoJuo)

"(wGl) 183§ 0G UBY]L $53] 3004
saledaiput buipeys - (WG| ) 193) 0§ Adtewixoidde §O YIdap e 1B D04 $ALDIPUL INOIUO)

NOILVNVdX3

£Z1

6

H

DEPTH TO ROCK
WAH WAH VALLEY, UTAH

ORAWING

33

MX SITING INVESTIGATION

OEPARTMENT OF THE AIR FORCE — BMO

GRO NMATIONMAL &

o b oELL

.-




FN-TR-27-WA-l

..JJ,”.. \ v ..,\ ..

P

SN
[

|




x%éi
7 gefi) “Aig

08 [T0uM
/X, \,Jf«x

doPRT L hﬂn ~ % R7 o0




SHILIWOTIN

v

4 0
SITIW ILNLVYLS

‘mof 0 uolisalp buntediput ‘bulidg

.:uw:E *(189)) sa1em 01 yideQg

JUBLBINSEAW [IA3] JAIBM JO 13 A-UYIUON

e —

14

z
000'SZ1L ‘1 37VIS

HLYON

0

"1-Z 31qe L ‘TI SWIN|OA 295 :(0) fiom [UONEAISAO
10 :{{0)8) 113m feuoiieatasqo pue BulIoqg ‘(M) ffom 193em paystiqnd

]

|

‘UMOUNUN HIUOW uaym Jedh 1o |
_ﬁ {OHM 10 1 HM) 1]9M JRUOIIBAIFSQO 10 |J3Mm 1S8) SIDIN0saL JOIBA - 32MN0S ereq

‘Buipeys 104 |jews 001 201 Pasodxa Paleost O sealy
3304 pasodxa pale(ost O sealy

‘$J2ps0q Adjje A

“[lij-uiseq pue %301 Uaamlaq 12e1u0)

{0°E uonoag ‘1 awnjop 33s) AajleA UBM YBM O ISOW
wnoybnoayl 1334 00V JO ssaoxa ul Ajjesauab 1a1em punotb 01 syidap ajedatpul sjjam paliosse pue ‘sbuisoq
-ou| ‘feuonieN 046n4 1984 0G| ueyy aajeasb syidap 1B SINDD0 JAleMm PunoLb S3ILINPUI SINOLUDD JO DUISGY

*131em punoub o1 (wgp) 1333 OGL pue (wgL) 133} 0G usamiaq
saledlpul bunnydey - (wop) 1393 0G| Aldlewixosdde jo Yrdap e 1e seiem punosh sajedipul nouo)

*131em punolb 01 (WG| ) 1393 QG ueyl ssI|
sajeaipul bupeys - (WG| ) 1334 0G Ajaleunxosdde Jo yidap e 1e 1a1em punosb saedipul o)

~

ILVNV1d X3

N
~
—
-—
[

M

0s




Y

Vel ¥u

-

4 4\.._&

L

24 MAR 81




Iy d x}m Uy

FiSE
JiTd

3

N s ;\n.‘/
MR

M:; 00

661

enene e e 3 - B eeras
05EL | €199 DN ,
0801 [ Z UM

"\ GBEL | P ON~

<F

A
H
H
e
t
3

(- <

'\",,--Mu../»df\v,m\ :

s

AL RIS




‘(123)) I1am Jo yIGAQ
- —

N YIUOW UIYM Jead 10 |
[ 1989) 1318M JO JeIA-YIWOW

*MO)4 JO uoidanp bunesipul ‘bulidg

‘(193}) 131em O) YdaQg

‘1-Z 21qe] ‘[T 3WN[OA 2as (O} NIm [LUONEAIISGO
10 :{{0)9) 113m feuolieatssqo pue 6uIloq (A} Hom 1rem paystiqnd
"(OHM 10 [ HM) 113M [RUOIIBAIISQO 10 J|OM 153) SIDIN0SAL JIIBAN - BDINOS Bl

‘BuIpeys 10y j|ews 00} 204 Pasodxa palejost JO serly

3204 pasodxa pale|osl Jo seasy

*$13pioq Adjep

‘|11}-UISBQ PUB Y001 UABMI3Q 1981U0D

“(0°E U0NJAS ‘T IWNJOA 338) A3JEA UBM UBM 4O ISOW

InoyBnoIy; 1334 0DV O $530X3 U1 AjjRiau3b Ja1em punolb o1 syidap 81eatpul sjlam paliosse pue ‘'sbuiioq
-ou) ‘jeuonen 0s6n4 1034 0G| ueY) 121ealb syIdap 1e SINJDO Jalem PUNOID $21221PUI SINOIUOD JO 3DUASqY

-191em punoJb o) (Wgyp) 183} 0G| PUe (WG|} 133} G U3amlaq

salearpur Buunydey - (Wwgy) 1895 0G1 Alar1ewixosdde Jo yidap e 1e Jmem punoib saiedlpul INouoYD

-131em punosb 01 (wigl) 1834 0G ueyl ssa|

sajeaiput buipeys - (wgL) 133} 0G Ajgleunxoisdde jo (idap e 12 J13lem punolb saledpul INOILDY

NOILVNV1dX3

DEPTH TO WATER

WAH WAH VALLEY,

UTAH

©
P4
: v
« ™
[: 4
o
o
3
[ ]
|
58
° g
o
<
G'
. £
“A
-
Wn
€ »
-
¢ o
-
t 2z
-
;3
Ml
<«
(Y
w
[

—'i.lno NATIONAL, INGC.

ORI, W s -




e
e e

IANVI HIHASS




wpdyorr L %0




SH3ILIWOTIN

— ]
14 F4 0

S37W 3LN1LVIS
—— g
14 [4 0

000°'sZL 'L 3TVOS

HL13ON

‘pozimsouab 8 dew SR ‘SUORIIPUOD LKL

10 Aljjiqeisea pue uoRIEILISAId JO o3 03 ang “sydeaioloud (apsee

000°GZ:1 Pue 000’091 (£) PUe ‘soew dNydesbodos SOSN 005°Z9 L (Z)
‘SUONEAIISQ0 DISY (| ) WO B0 dRL SIYS BUIINAIOD W pesn 18] (JLON

‘Buipeys J04 |(eis 001 %001 pasodxa paleiost JO sedly H

‘%001 pIsodxd pajejost o sedsy @

NN
b S b,
GBS

"e3Je UOISNIIX® UIRLID |

*5adOfs 9| JO SI5BQ UO Papn{IxXs eary

‘s1apsoq As(le A ]

‘s adojS %01 — -~ - - -

‘aui) 3do|S %G ——

‘{l1} Uiseq PUE XOOJ UIIMIB] 1DRIUOD) T

NOILVYNV1dX







¢ 7

RAV BTy




(DlJ

‘PoLHmIoudt 81 dew siyl ‘SUOHIIPUOD UNAIDY
jo AiIeiiea pue uOREIVISEID JO A OF SN ‘SydeIBoloyd (usee

000°GZ1 Pue 0OO'09° 1 (€) Pue ‘sdew Jwdesbodol SOSN 00S°Z9 L (T)
‘SUONEBAIISGO Py} (1) “WON a2 dRtU SIY BUNINKNOD W1 Pesn 18Q  JLON

‘Butpeys 104 |[ews 00} 004 pesodxa PaILIOSt JO SRALY M

301 pAsOdxd Palejost JO sedsy

"BISC UOISN|IND UIRLSG |

‘sadofs %, O siseq UO Papnjoxa eany

‘ssapioq Asjje A EaEE———

‘auljadojg %01 ——~ =~ - -

‘aut) 3doj§ %§  — —— —

"It} UISEQ PUE YOOI UIBMIB] 10BIUCD oo

NOILVNV1dX3

TERRAIN
WAH WAH VALLEY, UTAH

DRAWING

5

3

MX SITING INVESTIGATION

DEPARTMENT OF THE AIR FORCE — MO

-Ti.-no NATIONAL, INC.




FN-TR-27-WA-I

Al.0 GLOSSARY OF TERMS

ACTIVE FAULT - A fault which has had surface displacement w1th1n
Holocene time. (about the last 11,000 years).

ACTIVITY NUMBER - A designation composed of the valley abbrevi-
ation followed by the activity type and a unique number;
may also be used to designate a particular location in a
valley.

ALLUVIAL FAN - A body of stream deposits whose surface approxi-
mates a segment of a cone that radiates downslope from the
point where the stream leaves a mountainous area and
experiences a marked change in gradient resulting in
deposition of alluvium.

ALLUVIUM - A general term for a more-or-less stratified deposit
of gravel, sand, silt, clay, or other debris, moved by
streams from higher to lower ground.

AQUIFER - A permeable saturated zone below the earth's surface
capable of conducting and yielding water as to a well.

ARRIVAL - An event; the appearance of seismic energy on a seis-
mic record; a lineup of coherent energy signifying the
arrival of a new wave train.

ATTERBERG LIMITS - A general term applied to the various tests
used to determine the various states of consistency of
fine-grained soils. The four states of consistency are
solid, semisolid, plastic, and liquid.

Liquid limit (LL) - The water content corresponding to the
arbitrary limit between the liquid and plastic states of
consistency of a soil (ASTM D 423-66).

Plastic limit (PL) - The water content corresponding to
an arbitrary limit between the plastic and the semisolid
states of consistency of a soil (ASTM D 424-59).

Plasticity index (PI) - Numerical difference between the
liquid limit and the plastic limit indicating the range of
moisture content through which a soil-water mixture is
plastic.

BASIN-FILL MATERIAL/BASIN-FILL DEPOSITS - Heterogeneous detrital
material deposited in a sedimentary basin.

BASE LEVEL - The theoretical limit or lowest level toward which

erosion constantly progresses; the level at which neither
erosion or deposition takes place.
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BEDROCK - A general term for the rock, usually solid, that
underlies soil or other unconsolidated, surficial material.
The term is also used here to include the rock composing
the local mountain ranges.

BORING - A hole drilled in the grcund for the purpose of sub-
surface exploration.

BOUGUER ANOMALY -~ The residual value obtained after latitude,
elevation, and terrain corrections have been applied to
gravity data.

BOULDER - A rock fragment, usually rounded by weathering and
abrasion with an average diameter of 12 inches (305 mm) or
more.

BULK SAMPLE - A disturbed soil sample (bag sample) obtained
from cuttings brought to the ground surface by a drill rig
auger or obtained from the walls of a trench excavation.

¢ - Cohesion (Shear strength of a soil not related to interpar-
ticle friction).

CALCAREOUS - Containing calcium carbonate; presence of calcium
carbonate is commonly identified on the basis of reaction
with dilute hydrochloric acid.

CALICHE - 1In general, secondary calcium-carbonate cementation
of unconsolidated materials occurring in arid and semiarid
areas.

CALIFORNIA BEARING RATIO (CBR) -~ The ratio (in percent) of the
resistance to penetration developed by a subgrade soil to
that developed by a specimen of standard crushed rock base
material (ASTM D 1883-73). During the CBR test, the load
is applied on the circular penetration piston (3 inches?
base area (19 cm?]) which is penetrated into the the soil
sample at a constant penetration rate of 0.05 inch/minute
(1.2 mm/min). The bearing ratio reported for the soil is
normally the one at 0.1 inch (2.5 mm) penetration.

CLAST - An individual constituent, grain, or fragment of a
sediment or rock, produced by the mechanical weathering
(disintegration) of a larger rock mass.

CLAY - Fine-grained soil (passes No. 200 sieve [0.074 mm]) that
can be made to exhibit plasticity within a range of water
contents and that exhibits considerable strength when air-
dried.

CLAY SIZE - That portion of the soil finer than 0.002 mm.
CLOSED BASIN - A catchment area draining to some depression or

lake within its area from which water escapes only by
evaporation or infiltration into the subsurface.
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COARSE-GRAINED (or granular) - A term which applies to a soil
of which more than one-half of the soil particles, by
weight, are larger than 0.074 mm in diameter (No. 200
U.S. sieve size).

COARSER-GRAINED ~ A term applied to a"luvial fan deposits which
are predominantly composed of material (cobble) larger
than 3 inches (76 mm) in diameter.

COBBLE - A rock fragment, larger than a pebble and smaller than
a boulder, having a diameter between 3 and 10 inches (64
and 256 mm), being somewhat rounded or otherwise modified
by abrasion in the course of transport.

COMPACTION TEST - A test to determine the relationship between
the moisture content and density of a soil sample which is
prepared in compacted layers at various water contents
(ASTM D 1557-70).

COMPRESSIBILITY -~ Property of a soil pertaining to its suscepti-
bility to decrease in volume when subjected to load.

COMPRESSIONAL WAVE - An elastic body wave in which particle
motion is in the direction of propagation; the type of
seismic wave assumed in conventional seismic exploration.
Also called P-wave, dilatational wave, and longitudinal
wave.

CONDUCTIVITY - The ability of a material to conduct electrical
current. In isotropic material, conductivity is the
reciprocal of resistivity. Units are mhos per meter.

CONE PENETROMETER TEST - A method of evaluating the in-situ
engineering properties of soil by measuring the penetra-
tion resistance developed during the steady slow penetra-
tion of a cone (60° apex angle, 10-cm? projected area)
into soil.

Cone resistance or end bearing resistance, g, - The resis-
tance to penetration developed by the cone, equal to the
vertical force applied to the cone divided by its horizon-
tally projected area.

Friction resistance, fg - The resistance to penetration
developed by the friction sleeve, equal to the verti-
cal force applied to the sleeve divided by its surface
area. This resistance consists of the sum of friction and
adhesion.

Friction ratio, fgR - The ratio of friction resistance
to cone resistance, fg/q., expressed in percent.

CONSISTENCY - The relative ease with which a soil can be
deformed.

fu:no NATIONAL NG,
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CONSOLIDATION TEST - A type of test to determine the compres-
sibility of a soil sample. The sample is enclosed in
the consolidometer which is then placed in the loading
device. The load is applied in increments at certain
time intervals and the change in thickness is recorded.

CORE SAMPLE =~ A cylindrical sample obtained with a rotating
core barrel with a cutting bit at its lower end. Core
samples are obtained from indurated deposits and in rock.

DEGREE OF SATURATION - Ratio of volume of water in soil to
total volume of voids.

DIRECT SHEAR TEST - A type of test to measure the shear strength
of a soil sample where the sample is forced to fail on a
predetermined plane.

DISSECTION/DISSECTED (alluvial fans) - The cutting of stream
channels into the surface of an alluvial fan by the move-
ment (or flow) of water.

DRY UNIT WEIGHT/DRY DENSITY - Weight per unit volume of the
solid particles in a soil mass.

ELECTRICAL CONDUCTIVITY - Ability of a material to conduct
electrical current.

ELECTRICAL RESISTIVITY -~ Property of a material which resists
flow of electrical current.

EOLIAN - A term applied to materials which are deposited by
wind.

EPHEMERAL (stream) - A . stream or reach of a stream that flows
briefly only in direct response to precipitation in the
immediate locality and whose channel is at all times above
the water table.

EXTERNAL DRAINAGE - Stream drainage system whose down-gradient
flow is unrestricted by any topographic impediments.

EXTRUSIVE ROCK - Igneous rock that has been ejected onto the
earth's surface (e.g., lava, basalt, rhyolite, andesite,
detrital material, volcanic tuff, pumice).

FAULT - A plane or zone of fracture along which there has been
displacement.

FAULT BLOCK MOUNTAINS - Mountains that are formed by normal
faulting in which the surface crust is divided into par-
tially to entirely fault-bounded blocks of different
elevations.

f.u:lm NaATIONAL NG,
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FINE-GRAINED - A term which applies to a soil of which more
than one-half of the soil particles, by weight, are smaller
than 0,074 mm in diameter (passing the No. 200 U.S. size
sieve).

FINER-GRAINED - A term applied to alluvial fan deposits which
are composed predominantly of material less than 3 inches
(76 mm).

FLUVIAL DEPOSITS - Material produced by river action; generally
loose, moderately well-graded sands and gravel.

FORMATION - A mappable assemblage of rocks characterized by
some degree of homogeneity or distinctiveness.

FUGRO DRIVE SAMPLE - A 2.50-inch- (6.4-cm) diameter soil sample
obtained from a drill hole with a Fugro drive sampler. The
Fugro drive sampler is a ring-lined barrel sampler contain-
ing 12 one-inch~ (2.54-cm) long brass sample rings. The
sampler is advanced into the soil using a drop hammer.

GEOMORPHOLOGY - The study, classification, description, nature,
origin, and development of present landforms and their
relationships to underlying structures and of the history
of geologic changes as recorded by these surface features.

GEOPHONE - The instrument used to transform seismic energy
into electrical voltage; a seismometer, jug, or pickup.

GRABEN - An elongated crustal block that has been downthrown
along faults relative to the rocks on either side.

GRAIN-SIZE ANALYSIS (GRADATION) - A type of test to determine
the distribution of soil particle sizes in a given soil
sample. The distribution of particle sizes larger than
0.074 mm (retained on the No. 200 sieve) is determined by
sieving, while the distribution of particle sizes smaller
than 0.074 mm is determined by a sedimentation process
using a hydrometer.

GRANULAR - See Coarse-Grained.

GRAVEL - Particles of rock that pass a 3-inch (76.2 mm) sieve
and are retained on a No. 4 (4.75 mm sieve).

GRAVITY - The force of attraction between bodies because of
their mass. Usually measured as the acceleration of
gravity.

GYPSIFEROUS - Containing gypsum, a mineral consisting mostly of
calcium sulfate.

'f\lﬂln waviouas ina.
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HORST - An elongated crustal block that has been uplifted along
faults relative to the rocks on either side.

INTERIOR DRAINAGE - Stream drainage system that flows into a
closed topographic low (basin).

INTRUSIVE (rock) - A rock formed by the process of emplacement
of magma (liquid rock) in preexisting rock (e.g., gran-
ite, granodiorite, quartz monzonite).

LACUSTRINE DEPOSITS - Materials deposited in a lake environ-
ment.

LINE - A linear array of observation points, such as a seismic
line.

LINEAMENT - A linear topographic feature of regional extent that
is thought to reflect crustal structure.

LIQUID LIMIT - See ATTERBERG LIMITS.

LOW STRENGTH SURFICIAL SOIL - Soil which will perform poorly as
a road subgrade at its present consistency when used di-
rectly beneath a road section.

MOISTURE CONTENT - The ratio, expressed as a percentage, of
the weight of water contained in a soil sample to the
oven-dried weight of the sample.

N VALUE - Penetration resistance, described as the number of
blows required to drive the standard split-spoon sampler
for the second and third 6 inches (0.15 m) with a 140-
pound (63.5-kg) hammer falling 30 inches (0.76 m) (ASTM
D 1586-67).

OPTIMUM MOISTURE CONTENT - Moisture content at which a soil
can be compacted to a maximum dry unit weight by a given
compactive effort.

P-WAVE - See Compressional Wave.

PATINA (Desert Varnish) - A dark coating or thin outer layer
produced on the surface of a rock or other material by
weathering.

PAVEMENT/DESERT PAVEMENT - When 1loose material containing
pebble-sized or larger rocks is exposed to rainfall and
wind action, the finer dust and sand are blown or washed
away and the pebbles gradually accumulate on the surface,
forming a mosaic which protects the underlying finer
material from wind attack. Pavement can also develop
in finer-grained materials. - In this case, the armored
surface is formed by dissolution and cementation of the
grains involved.

'ﬁlﬂ" MNATIONAL. ING.
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PERCHED GROUND WATER - Unconfined ground water separated from an
underlying main body of ground water by an unsaturated
zone.

PERMEABILITY - The property of soil and/or rock material which
permits liquid to pass through.

pH - An index of the acidity or alkalinity of a soil in terms
of the logarithm of the reciprocal of the hydrogen ion
concentration.

PHI (@) - Angle of internal friction.

PIEZOMETRIC SURFACE - An imaginary surface representing the
static head of ground water and defined by the level to
which water will rise in a well.

PITCHER TUBE SAMPLE - An undisturbed, 2.87-inch- (73-mm) diame-
ter soil sample obtained from a drill hole with a Pitcher
tube sampler. The primary components of this sampler are
an outer rotating core barrel with a bit and an inner
stationary, spring-loaded, thin-wall sampling tube which
leads or trails the outer barrel drilling bit depending
upon the hardness of the mateérial being penetrated.

PLASTIC LIMIT - See ATTERBERG LIMITS.
PLASTICITY INDEX - See ATTERBERG LIMITS.

PLAYA/PLAYA DEPOSITS - A term used in the southwest U.S. for
a dried-up, flat-floored area composed of thin, evenly
stratified sheets of clay, silt, or fine sand, and rep-
resenting the lowest part of a shallow, completely closed
or undrained, desert lake basin in which water accumulates
and is quickly evaporated, usually leaving deposits of
soluble salts.

POORLY GRADED - A descriptive term applied to a coarse-graincd
soil if it consists predominantly of one particle size
(uniformly graded) or has a wide range of sizes with some
intermediate sizes obviously missing (gap-graded).

RANGE-BOUNDING FAULT -~ Usually a normal fault in which one side
has moved up relative to the other and which separates the
mountain front from the valley.

RELATIVE AGE - The relationship in age (oldest to youngest)
between geologic units without specific regard to number
of years.

RESISTIVITY (True, Intrinsic) - The property of a material

which resists the flow of electric current. The ratio of
electric-field intensity to current density.
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ROCK UNITS - Distinct rock masses with different characteristics
(e.g., igneous, metamorphic, sedimentary).

ROTARY WASH DRILLING - A boring technique in which advancement
of the hole through overburden is accomplished by rotation
of a heavy string of rods while continuous downward pres-
sure is maintained through the rods on a bit at the bottom
of the hole. Water or drilling mud is forced down the rods
to the bit, and the return flow brings the cuttings to the
surface.

S-WAVE - See Shear Wave.

SAND - Soil passing through No. 4 (4.75 mm) sieve and retained
on No. 200 (0.075 mm) sieve.

SAND DUNE - A low ridge or hill consisting of loose sand depos-
ited by the wind, found in various desert and coastal
regions and generally where there is abundant surface
sand.

SEISMIC - Having to do with elastic waves. Energy may be trans-
mitted through the body of an elastic solid as P-waves
(compressional waves) or S-waves (shear waves).

SEISMIC LINE - A linear array of travel time observation points
(geophones). In this study, each line contains 24 geophone
positions.

SEISMIC REFRACTION DATA - Data derived from a type of seismic
shooting based on the measurement of seismic energy as a
function of time after the shot and of distance from the
shot, by determining the arrival times of seismic waves
which have traveled nearly parallel to the bedding in high-
velocity layers in order to map the depth to such layers.

SEISMOGRAM - A seismic record.
SEISMOMETER - See Geophone.

SHEAR STRENGTH - The maximum resistance of a soil to shearing
(tangential) stresses.

SHEAR WAVE ~ A body wave in which the particle motion is per-
pendicular to the direction of propagation. Also called
S-Wave or transverse wave.

SHEET FLOW - A process in which storm-born water spreads as a
thin, continuous veneer (sheet) over a large area.

SHEET SAND - A blanket deposit of sand which accumulates in
shallow depressions or against rock outcrops, but does
not have characteristic dune form.
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SHOT - Any source of seismic energy: e.g., the detonation of
an explosive.

SHOT POINT - The location of any source of seismic energy;

e.g., the location where an explosive charge is detonated
in one hole or in a pattern of holes to generate seismic
energy. Abbreviated SP.

SILT - Fine-grained soil passing the No. 200 sieve (0.074 mm)
that is nonplastic or very slightly plastic and that
exhibits little or no strength when air-dried.

SILT SIZE - That portion of the soil finer than 0.02 mm and
coarser than 0.002 mm.

SITE - Location of some specific activity or reference point.

SPECIFIC GRAVITY - The ratio of the weight in air of a given
volume of soil solids at a stated temperature to the weight
in air of an equal volume of distilled water at a stated
temperature.

SPLIT-SPOON SAMPLE - A disturbed sample obtained with a split-
spoon sampler with an outside diameter of 2.0 inches
(5.1 cm). The sample consists of a split barrel which is
driven into the soil using a drop hammer.

SPREAD - The layout of geophone groups from which data from a
single shot are recorded simultaneously. Spreads con-
taining 24 geophones have been used in Fugro's seismic
refraction surveys.

STREAM CHANNEL DEPOSITS - See Fluvial Deposits.

STREAM TERRACE DEPOSITS - Stream channel deposits no longer
part of an active stream system, gdgenerally loose, moder-
ately well graded sand and gravel.

SULFATE ATTACK - The process during which sulfates, salts of
sulfuric acid, contained in ground water cause dissolution
and damage to concrete.

SURFICIAL DEPOSIT - Unconsolidated residual colluvial and allu-
vial deposits occurring on or near the earth's surface.

TEST PIT - An excavation made to depths of about 5 feet (1.5 m)
by a backhoe. A test pit permits visual examination of
undisturbed material in place.

TRENCH - An excavation by a backhoe to depths of about 15 feet

(4.5 m). A trench permits visual examination of soil in
place and evaluaton of excavation wall stability.

f:mm nATIONAL ING.
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TRIAXIAL COMPRESSION TEST - A type of test to measure the shear
strength of an undisturbed soil sample (ASTM D 2850-70).
To conduct the test, a cylindrical specimen of soil is
surrounded by a fluid in a pressure chamber and subjected
to an isotropic pressure. An additional compressive load
is then applied, directed along the axis of the specimen
called the axial load.

Consolidated-drained (CD) Test - A triaxial compression
test in which the soil was first consolidated under an
all-around confining stress (test chamber pressure) and
was then compressed (and hence sheared) by increasing the
vertical stress. Drained indicates that excess pore water
pressures generated by strains are permitted to dissipate
by the free movement of pore water during consolidation
and compression.

Consolidated-undrained (CU) Test - A triaxial compression
test in which essentially complete consolidation under the
confining (chamber) pressure is followed by a shear at
constant water content.

UNCONFINED COMPRESSION - A type of test to measure the compres-
sive strength of an undisturbed sample (ASTM D 2166-66).
Unconfined compressive strength is defined as the load per
unit area at which an unconfined prismatic or cylindrical
specimen of soil will fail in a simple compression test.

UNIFIED SOIL CLASSIFICATION SYSTEM (USCS) - A system which de-
termines soil classification for engineering purposes on
the basis of grain-size distribution and Atterberg limits.

VALLEY FILL - See Basin-Fill Material/Basin-Fill Deposits.

VELOCITY - Refers to the propagation rate of a seismic wave
without implying any direction. Velocity is a property of
the medium and not a vector quantity when used in this
sense.

VELOCITY LAYER - A layer of rock or soil with a homogeneous
seismic velocity.

VELOCITY PROFILE - A cross section showing the distribution of
material seismic velocities as a function of depth.

WASH SAMPLE - A sample obtained by screening the returned drill-
ing fluid during rotary wash drilling.

WATER TABLE - The upper surface of an unconfined body of water
at which the pressure is equal to the atmospheric pressure.

WELL-GRADED - A soil is identified as well-graded if it has a

wide range in grain size and substantial amounts of most
intermediate sizes.
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Definitions were derived from the following references:

American Society for Testing and Materials, 1976, Annual book
of ASTM standards, Part 19: Philadelphia, American Soc.
for Testing and Materials, 484 p.

Fairbridge, Rhodes W., ed., 1968, The enclyclopedia of geomor-
phology: Stroudsburg, Pennsylvania, Dowden, Hutchinson, and
Ross, Inc., 1295 p.

Gary, M., McAfee, R., Jr., Wolf, C. L., eds., 1972, Glossary of
geology: Washington, D.C., American Geological Institute,
805 p.

Merriam, G., and Merriam, C., 1977, Webster's new collegiate
dictionary: Springfield, Mass., G. and C. Merriam Co.,
1536 p.

Sheriff, R. E., 1973, Encyclopedic dictionary of exploration

geophysics: Tulsa, Oklahoma, Society of Exploration Geo-
physicists, 266 p.
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A2.0 EXCLUSION CRITERIA

The exclusion criteria used during the Verification Studies are
based on both geotechnical and cultural considerations. Land
excluded for geotechnical reasons includes areas of shallow
rock, shallow water, and adverse terrain. Cultural exclusions
include areas near towns, lands already withdrawn from public
use, and regions with potentially high economic value. The
exclusion criteria are defined in Table A2-1.
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CRITERIA

SUKFACE ROCK AND ROCR OCCUR-
RING WITHIN 50 FEET (15m) AND
150 FEET (46m) OF THE GROUND
SURFACE

EFINITION AND COMMENTS

Rock is defined as any earth material which is not rippable

by conventional excavation methods. Where available, seismic
P-wave velocities were evaluated in the determination of rock
conditions.

SURFACE WATER AND GROUND
WATER OCCURRING WITHIN 50 FEET
(15m) AND 150 FEET (46m) OF THE
GROUND SURFACE

Surface water includes all significant lakes, reservoirs,

swamps, and major perennial streams, Water which would Ye
encountared in a 50-foot and 150-foot excavation was considered
in the application of this criterion. Depths to ground water
resulting from deeper confined aquifers were not considered.

TERRAIN Percent Grade

Aress having surface gradients exceeding 10 percent or a
preponderance of siopes exceeding 10 percent as determined
from magps at scales of 1:126,000, 1:62,500, and 1:24,000
and by field obasrvation.

Arem sveraging two or more 10-foot desp drainages per 1000
fest (messured parallel to contours, as determined from maps
at scales of 1:24,000 or in the field).

CULTURAL Land use:

Al significant federal and state forests, parks, monuments,
and recrestionsl aress.

All significant federsl and wildlife refuges, grassiends,
ranges, pressfves and management aress.

Indian reservations.

EXCLUSION CRITERIA
VERIFICATION STUDIES, NEVADA-UTAH
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A3.0 ENGINEERING GEOLOGIC PROCEDURES

The principal objectives of the field geology investigation were

. Delineate surficial extent of soil types and geologic units;
2., Assess terrain conditions; and

. Make observations helpful in defining depth to rock and
water.

Aerial photographs (1:60,000 scale black and white; 1:25,000
scale color) served as the base on which all mapping was done.
Field activities were directed toward checking the photogeologic

mapping.

Field checking consisted chiefly of collecting data about
surficial soils at selected locations in order to refine con-
tacts and define engineering characterisitics of photogeologic
units. At each location, observations of grain-size distribu-
tion, color, clast lithology, surface soil development, and a
variety of engineering parameters were recorded (see Volume II,
Geotechnical Data). Observations were made in existing excava-
tions (borrow pits, road cuts, stream cuts) or in hand-dug test
pits. Extrapolation of this data, to determine surficial ex-
tent, was accomplished by geologic reconnaissance over existing
roads.

Of the parameters listed, grain size is the most important for
engineering purposes and, for this reason, is included in the
geologic unit designation. However, grain size is not readily
mapped on aerial photos, and much of the field work involved
determination of the extent of surficial deposits of a particu-
lar grain-size category (gravel, sand, or fine-grained).

Terrain data were also taken at geologic field stations. Drain-
age width and depth were estimated and predominant surface slope
was measured. Slopes were measured over a distance of 100 to
150 feet (31 to 46 m) with an Abney hand level. For additional
data, depths of major drainages encountered during geologic
reconnaissance between stations were recorded on the aerial
photographs.

To help refine depth to rock interpretations, observations were
concentrated along the basin margin to identify areas of shallow
rock. Observations regarding depth to water were restricted to
measurements in existing wells and identification of areas with
water at the surface.

"in;no NATIONAL ING.
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A4.0 GEOPHYSICAL PROCEDURES

A4.]1 SEISMIC REFRACTION SURVEYS

A4.1.1 Instruments

Field explorations were performed with a 24-channel SIE Model
RS-44 seismic refraction system which consisted of 24 ampli-
fiers coupled with a dry-write, galvanometer-type recording
oscillograph. Seismic energy was detected by Mark Products
Model L-10 geophones with natural frequency of 4.5 Hz. Geo-
phones were fitted with short spikes to provide good coupling
with the ground. Cables with two takeout intervals were used
to transmit the detected seismic signal from the geophones to
the amplifiers. Time of shot was transmitted from shot point to
recording system via an FM radio link.

The degree of gain was set on the amplifiers by the instrument
operators and was limited by the background noise at the time
of the shot. The amplifiers are capable of maximum gain of
1.1 million. The oscillograph placed timing lines on the
seismograms at 0.0l-second intervals. The timing lines form
the basis for measuring the time required for the energy to
travel from the shot to each geophone.

A4.1.2 Field Procedures

Each seismic refraction line consisted of a single spread of
24 geophones with a distance of 410 feet (125 m) between end
points. Geophone spacing provided six intervals of 25 feet
(7.6 m) at both ends of the line and 11 central intervals of
10 feet (3 m). Six shots were made per spread at locations
65 feet (20 m), 190 (58 m) and 305 feet (93 m) left and right
of the spread center. The recording system was located between
geophones 12 and 13.

The explosive used was "Kinestik" which was transported tu the
site as two nonexplosive components, a powder and a liquid.
The components were mixed in the field to make & . explosive
compound. Charges ranged in size from one-third to five pounds
and were buried from 1 to 5 feet (0.3 to 1.5 m) deep. Charges
were detonated using Reynold's exploding bridge wire (EBW)
detonators instead of conventional electric blasting caps. Use
of EBWs provides maximum safety against accidental detonation
and extremely accurate "time breaks" (instant of detonation).
Relative elevations of geophones and shot points were obtained
by level or transit where lines had more than 2 or 3 feet
(0.6 to 0.9 m) of relief.

A4.1.3 Data Reduction

The travel times for compressional waves from the shots to the
geophones were obtained from the seismoqrams by visual inspec-
tion. These times were plotted at their respective horizonatal

fnr.n wavienaL ina.
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distances and best fit lines were drawn through the points to
obtain apparent velocities for materials below the seismic
line.

A combination of delay time and ray tracing methods was used in
a computer program to obtain depth to refracting horizons from
the time-distance information.

A4.2 ELECTRICAL RESISTIVITY SURVEYS

Ad4.2.1 1Instruments

Electrical resistivity measurements were made with a Bison
Instrument model 2350B resistivity meter which provides current
to the earth through two electrodes and measures the potential
(voltage) drop across two other electrodes.

Ad4.2.2 Field Procedures

Electrical resistivity soundings were made using the Schlum-
berger electrode arrangement. Soundings are made by successive
resistivity measurements which obtain information from deeper
and deeper materials. The depth of penetration of the electri-
cal current is increased by increasing the distance between the
current electrodes. The arrangement of electrodes in the
Schlumberger method is shown in Figure A4-1. The four elec-
trodes are in a line with the two current electrodes on the
ends. The distance between the current electrodes (AB) is
always five or more times greater than the distance between the
potential electrodes (MN).

The initial readings are made with MN equal to 5 feet (1.5 m)
and AB equal to 30 feet (9 m). - Successive readings were made
with AB at 40, 50, 60, 80, 100, 120, 160, 200, 300, 400, 500,
and 600 feet (12, 15, 18, 24, 30, 37, 49, 61, 91, 122, 152, and
183 m). MN spacing is sometimes increased one or two times as
AB is expanded. This increase is required when the signal
drops to a level below the meter's sensitivity. The potential
drop is greater between more widely spaced electrodes (MN), so
increasing MN increases the signal. When it becomes necessary
to increase MN, the spacing of AB is reduced to the spacing of
the previous reading. MN is then increased and a measurement is
made. This provides two resistivity measurements at the same
AB spacing but with different MN spacings.

A4.2.3 Data Reduction

Each apparent resistivity value is plotted versus one-half the
current electrode spacing (AB/2) used to obtain it. Log-log
graph paper is used to form the coordinates for the graph. A
smooth curve is drawn through the points. This sounding
curve forms the basis for interpreting the resistivity layering
at the sounding location.
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A computer program that does iterative "curve-matching" is used
to develop a layer model that has a theoretical resistivity
curve that is similar to the field curve. An electronic
digitizer is used to digitize the field curve for computer
program input.
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A5.0 ENGINEERING PROCEDURES

Soil engineering activities consisted of the following:

1. Field activities:

o Borings

o Trenches

o Test Pits

o Surficial Samples

o Cone Penetrometer Tests
o Field CBR Tests

2.

Office activities:

o Laboratory Tests
o Data Analyses and Interpretations

The procedures used in the various activities are described in
the following sections.

AS5.1 BORINGS

A5.1.1 Drilling Techniques

The borings were drilled at designated locations using rotary
techniques. A truck-mounted Failing 1500 drill rig with hydrau-
lic pulldown was used. The borings were nominally 4 7/8 inches
(124 mm) in diameter. A bentonite-water slurry was used to
return soil cuttings to the surface. A tricone drill bit was
used for coarse-grained soils and a drag bit for drilling in
fine-grained soils. Depths drilled ranged from 160 to 200 feet
{49 to 61 m) unless uLedrock was encountered at lesser depth.

A5.1.2 Method of Sampling

A5.1.2.1 Sampling Intervals

Soil samples were obtained at the following nominal depths
as well as at depths of change in soil type:

0' to 10' ( 0.0 to 3.0 m) - Pitcher or drive-samples
at 3' intervals

Pitcher or drive-samples
at 5' intervals

Pitcher or drive-samples
at 10' intervals

Pitcher or drive-samples
at 20' intervals

10' to 30' ( 3.0 to 9.1 m)
30" to 120' ( 9.1 to 36.6 m)

120' to 200' (36.6 to 61.0 m)

A5.1.2.2 Sampling Techniques

a. Fugro Drive Samples: Fugro drive samplers were used to
obtain relatively undisturbed soil samples. The Fugro drive

fn:no NAvIOWAL, NG,
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sampler is a ring-lined barrel sampler with an outside diameter
of 3.0 inches (76.2 mm) and inside diameter of 2.50 inches
(65.5 mm). It contains 12 individual l-inch- (25.4-mm-) long
rings and is attached to a 1l2-inch- (30-cm-) long waste barrel.

The sampler was advanced using a downhole hammer weighing
300 pounds (136 kg) with a drop of 24 inches (61.0 cm).

The number of blows required to advance the sampler for a
6-inch (15-cm) interval were recorded. Samples obtained were
retained in the rings, placed in plastic bags with manually
twisted top ends and sealed in plastic sample containers. Each
sample was identified with a label indicating job number,
boring number, sample number, depth range, Unified Soil Classi-
fication Symbol (USCS), (Table AS-1) and date. Ring samples
were placed in foam-lined steel boxes.

b. Pitcher Samples: The Pitcher sampler was used to obtain
undisturbed soil samples. The primary components of this
sampler are an outer rotating core barrel with a bit and an
inner, stationary, spring-loaded, thin-wall sampling tube which
leads or trails the outer barrel drilling bit, depending on
the hardness of the material penetrated. The average inside
diameter of the sampling tubes used was 2.87 inches (73 mm).
Before placing the Pitcher tube in the outer barrel, the tube
was inspected for sharpness and protrusions.

The Pitcher sampler was then lowered to the bottom of the
boring and the thin-walled sampling tube advanced into the soil
ahead of the rotating cutting bit by the weight of the drill
rods and hydraulic pulldown. The thin-walled sampling tube was
retracted into the core barrel and the sampler was brought to
the surface. After removal of the sampling tube from the core
barrel, the 1length of the recovered soil sample was measured
and recorded. Before preparing and sealing the tube, the
drilling fluid in the Pitcher tube was removed. Cap plugs were
taped in place on the top and bottom of the Pitcher tube and
sealed with wax. When Pitcher samples could not be retrieved
without disturbance, they were clearly marked as "disturbed."
Each sealed Pitcher tube was labeled as explained under "Fugro
Drive Samples" and then placed vertically in foam-lined wooden
boxes.

c. Bulk Samples: Bulk sc. ples from rotary drilling were
obtained by screening the returning drilling fluid to obtain
wash samples. Recovered samples were placed in plastic bags
and labeled as explained previously.

d. Split-Spoon Samples: Split-spoon samplers were used to
obtain disturbed, but representative, soil samples continuously
in the top 10.5 feet (3.2 m). So1l samples were classified and
disposed of in the field. The split-spoon sampler consists
of a barrel shoe, a split barrel or tube, a solid sleeve, and a
sampler head. The inside diameter of the sampler shoe is 1.375
inches (35 mm) and the length is about 18 inches (45.7 cm).
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Sampling with the split barrel sampler is accomplished by
driving the sampler into the ground with a 140-pound (63.6-kg)
hammer dropped 30 inches (76 cm). The number of blows required

e. Rock Samples: Rock cores are obtained with a sampler which
consists of a core barrel with a diamond cutting bit at its
lower end. The bit cuts an annular hole in the rock mass,
thereby creating a cylinder or core of rock which is recovered
in the core barrel. Rock cores were obtained using rotary
drilling methods and NX double~tube core barrels (core size
2.125 inches [54 mm]). When rock was encountered in a boring,
approximately 15 feet (4.5 m) of core was obtained before
abandoning the hole. The rock cores were removed from the core
barrel, examined by a geologist, and placed in core boxes. The
core boxes were labeled as explained above in "Fugro Drive
Samples."

A5.1.3 Logging

All soils were classified in the field by the procedures
outlined in Section A5.5, "Field Visual Soil Classification,”
of this Appendix. Rock encountered in the borings was de-
scribed according to classifications given in Travis (1955) and
Folk (1974). The following general information was entered on
the boring logs at the time of drilling: boring number;
project name, number, and location; name of drilling company
and driller; name of logger and date logged; and method of
drilling and sampling, drill bit type and size, driving weight
and average drop as applicable. As drilling progressed, the
soil samples recovered were visually classified as outlined
in Section A5.5, "Field Visual Soil Classification," and the
description was entered ca the logs. Section A5.5 also dis-
cusses other pertinent data and observations made, which were
entered on the boring logs, during drilling.

A5.1.4 Sample Storage and Transportation

Samples were handled with care, drive sample containers being
placed in foam-lined steel boxes, while Pitcher samples were
transported in foam-lined wooden boxes. Particular care
was exercised by drivers while traversing rough terrain to
avoid distnrbing the samples. Whenever ambient air temperatures
fell below 320F, samples were stored in heated rooms during the
field work and transported to Fugro National's Long Beach labor-
atory in heated cabins in back of pickup trucks.

AS5.1.5 Ground-Water Observation Wells

When ground water was encountered during drilling or where a
boring was located in an area estimated to have ground water
within 150 feet (46 m) of the ground surface, the completed
boring was cased with 2-inch-diameter- (51-mm-) polyvinyl-chlo-
ride (PVC) pipe to 160 feet (49 m). The PVC pipe was slotted
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in the bottom 20 feet (6 m). Then the pipe, was flushed until
the water was clear and the annulus was backfilled with pea
gravel to approximately 30 feet (9 m) above the bottom of the
boring. After equilibrium was reached, the water level was
measured and recorded periodically.

A5.2 TRENCHES, TEST PITS, AND SURFICIAL SAMPLES

A5.2.1 Excavation Equipment

The trenches, test pits, and surficial samples were excavated
using a rubber tire-mounted Case 580C backhoe with a maximum
depth capability of 14 feet (4.3 m).

A5.2.2 Method of Excavation

Unless caving occurred during the process of excavation, the
trench width was nominally 2 feet (0.6 m). Trench depths were
typically 10 to 14 feet (3.0 to 4.3 m) and length 14 feet
(4.3 m). Test pits were nominally 2 feet (0.6 m) wide, 5 feet
(1.5 m) deep, and ranged from 5 to 10 feet (1.5 to 3.0 m) in
length. Surficial sample excavations were typically 2 feet (0.6
m) wide, 2 to 3 feet (0.6 to 1.0 m) deep, and about 3 to 5 feet
(0.9 to 1.5 m) long. The trench and test pit walls were verti-
cal. However, where surface materials were unstable, the trench
walls were sloped back to a safe angle to prevent sloughing
during the completion of excavation and logging. The excavated
material was deposited on one side at least 4 feet (1.2 m) from
the edge of the trenches in order to minimize stress loads at
the edges. The excavations were backfilled with the excavated
material and the ground surface was restored to a condition as
conformable with the surrounding terrain as practical.

A5.2.3 sampling

The following sampling procedures were generally followed for
all trenches, test pits, and surficial samples.

0 Representative bulk soil samples (large or small) were ob-
tained in the top 2 feet (0.6 m). If the soil type changed
in the top 2 feet, bulk samples of both the soil types were
obtained. In addition, bulk samples of all soil types
encountered at different depths in the excavation were ob-
tained. For each soil type in the top 2 to 3 feet (0.6 to
0.9 m), two large bulk samples (weighing about 50 pounds
[22.7 kg] each) were taken. Bulk samples from other depths
were limited to one bag. When soils from two locations were
similar, only a small bag sample weighing about 2 pounds (0.9
kg) was taken from the second location.

© All large bulk samples were placed first in plastic bags and
then in cloth bags. The small bulk samples were placed in
small plastic bags. All sample bags of soil were tied
tightly at the top to prevent spillage and tagged with the
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following information: project number; trench, test pit, or
surficial sample number; bulk sample number; depth range in
feet; Unified Soil Classification Symbol; and date. The
samples were transported to the field office for storage
and then to Fugro National's Long Beach office in pickup
trucks.

A5.2.4 Logging

The procedures for field visual classification of soil and rock
encountered from the trenches, test pits, and surficial samples
were basically the same as the procedures for 1logging of
borings (Section A5.1.3). For excavations shallower than 4
feet (1.2 m) technicians entered the excavations and logged
them. Logging of the excavations deeper than 4 feet (1.2 m)
was accomplished from the surface and by observing the backhoe
bucket contents. All trench walls were photographed prior to
backfilling.

Each field trench, test pit, and surficial sample log included
trench, test pit, or surficial sample number; project name,
number and location; name of excavator; type of excavation
equipment; name of logger; and date logged. As excavations
proceeded, the soil types encountered were visually classified
and described as outlined in Section A5.4, "Field Visual Soil
Classification.” Section AS5.4 also discusses other pertinent
data and observations made which were entered on the 1logs
during excavation.

A5.3 CONE PENETROMETER TESTS

A5.3.1 Equipment

The equipment consisted of a truck-mounted [17.5 tons (15,877
kg) gross weight] electronic cone penetrometer equipped with a
15-ton (13,608 kg) friction cone (cone end resistance capacity
of 15 tons (13,608 kg) and 4-1/2-ton (4082-kg) limit on the
friction sleeve). All operating controls, recorder, cables,
and ancillary equipment were housed in the specially designed
vehicle which was completely self-contained. The penetrometer,
the key element of the system, contained the necessary load
cells and cable connections. One end of the unit was threaded
to receive the first sounding rod. When carrying out the
tests, hollow rods with an outside diameter of 1.42 inches (3.6
cm) and a length of 3.3 feet (1.0 m) were used to push down the
cone. The hydraulic thrust system was mounted over the center
of gravity of the truck, permitting use of the full 17.5-ton
(15,877-kg) truck weight as load reaction.

Ths cone had an apex angle of 60° and a base area of 2.3
ine (15 cmz). The resistance to penetration was measured by
a built-in load cell in the tip and was relayed to the surface
recorder via cables in the sounding rods. The friction
sleeve, having an area of 31.8 in? (205 cm ), was fitted above
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the cone base. The local friction was measured by load cells
mounted in the friction sieeve and recorded in the same manner
as the end resistance. The end resistance and friction re-
sistance were recorded on a strip chart.

A5.3.2 Test Method

Tests were performed in accordance with ASTM D 3441-75T, "Ten-
tative Method for Deep, Quasi-Static, Cone and Friction-Cone
Penetration Tests of Soil." Basically, the test was conducted
by positioning the electronic cone penetrometer truck over the
designated area for testing, setting the outriggers on the
ground surface, checking the level of the rig, then pushing
the cone into the ground at a rate of 0.79 in/sec (2 cm/sec)
until refusal (defined as the capacity of the cone, friction
sleeve, or hydraulics system) or the desired depth of penetra-
tion was reached. As a general rule, the depth of penetration
did not exceed 33 feet (10 m). If refusal was reached within
the top 2 or 3 feet, the test was performed again a few feet
away from the first location. Details of the test such as
refusal reached, depth, cone used, etc. were entered on a log
sheet.

A minimum of three cone penetrometer tests were performed at
all field California Bearing Ratio (CBR) test locations.

A5.4 FIELD CALIFORNIA BEARING RATIO (CBR) TESTS

A5.4.1 Equipment

The equipment used to conduct the field CBR tests was as
described in the U.S. Army Corps of Engineers' Technical Manual
5-30. Other equipment for conducting a field density test by
the sand cone method (ASTM D 1556-64, Test for Density of Soil
in Place by the Sand-Cone Method) and the "Speedy Moisture
Meter" for field determination of soil moisture content were
also included. A backhoe and shovels were used to excavate
the CBR test pits.

A5.4.2 Test Method

Field CBR tests were generally performed at four depths at each
designated location. The procedures for conducting the CBR
tests were as described in the U.S. Army Corps of Engineers'
Technical Manual (TM) 5-30, pp. 2~-86 to 2-96. Tests were
performed in test pits at depths ranging from 1 to 4 feet (0.3
to 1.2 m) below ground surface. Testing was not attempted where
numerous cobbles or heavily cemented soils were encountered.
Three CBR tests were performed at each depth and the results
recorded. Generally, a field density test (ASTM D 1556-64, Test
for Density of Soil in Place by the Sand-Cone Method) and
moisture content determination (by Speedy Moisture Meter Method)
were performed at the CBR test depths.
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A5.4.3 Sampling

At each CBR test location, large bulk samples of soils at test
depths were obtained. See Section A5.2.3, "Sampling," for
trenches, test pits, and surficial samples for details.

A5.4.4 Logging

Field CBR test results, field density test results, and moisture
content determinations were recorded at the time of each test.
All soil samples were classified and logged in accordance with
the procedures outlined in Section A5.5, "Field Visual Soil
Classification.”

A5.5 FIELD VISUAL SOIL CLASSIFICATION

A5.5.1 General

All field logging of soils was performed i.: accordance with the
procedures outlined in this section. Scil samrles were visually
classified in the field in general accordance with the pro-
cedures of ASTM D 2488-69, Description of Soils (Visual-Manual
Procedure). The ASTM procedure is based on the Unified Soil
Classification System (see Table A5-1). It describes several
visual and/or manual methods which can be used in the field to
estimate the USCS soil group for each sample. . The following
section details several of the guidelines used in the field for
describing soils, drilling and excavating conditions, and
unusual conditions encountered.

A5.5.2 Soil Description

Soil descriptions entered on the logs of borings, trenches,

test pits, and surficial samples generally included those listed

below.

Coarse-Grained Soils Fine-Grained Soils

USCS Name and Symbol USCS Name and Symbol

Color Color

Range in Particle Size Consistency
Gradation (well, poorly) Moisture Content
Density Plasticity
Moisture Content Reaction to HC1

Particle Shape
Reaction to HC1

Some additional descriptions or information recorded for both
coarse- and fine-grained soils included: degree of cementa-
tion, secondary material, cobbles and boulders, and depth of
change in soil type.

Definitions of some of the ter~-3 and criteria used to describe

soils and conditions-encour - 'ed during the investigations
follow.
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a. USCS Name and Symbol: Derived from Table A5-1, the Unified
Soil Classification System. The soils were first designated as
coarse- or fine-grained.

Coarse-grained soils are those in which more than half (by
weight) of the particles are visible to the naked eye. 1In
making this estimate, particles coarser than 3 in. (76 mm) in
diameter were excluded. Fine-grained soils are those in which
more than half (by weight) of the particles are so fine that
they cannot be seen by the naked eye. The distinction between
coarse- and fine-grained can also be made by sieve analysis
with the No. 200 sieve (.074 mm) size particle considered to be
the smallest size visible to the naked eye. In some instances,
the field technicians describing the soils used a No. 200 sieve
to estimate the amount of fine-grained particles. The coarse-
grained soils are further divided into sands and gravels by
estimating the percentage of the coarse fraction larger than the
No. 4 sieve (about 1/4 inch or 5 mm). Each coarse-grained soil
is then qualified as silty, clayey, poorly graded, or well-
graded as discussed under plasticity and gradation.

Fine-grained soils were identified in the field as clays or
silts with appropriate adjectives (clayey silt, silty clay,
etc.) based on the results of dry strength, dilatancy, and
plastic thread tests (see ASTM D 2488-69 for details of these
tests).

Dual USCS symbols and adjectives were used to describe soils
exhibiting characteristics of more than one USCS group.

b. Color: Color descriptions were recorded using the follow-
ing terms with abbreviations in parentheses.

White (w) Green (gn)
Yellow (y) Blue (bl)
Orange (o) Gray (gr)
Red (r) Black (blk)

Brown (br)

Color combinations as well as modifiers such as light (1lt) and
dark (dk) were used.

c. Range in Particle Size: For coarse-grained soils (sands
and gravels), the size range of the particles visible to the
naked eye was estimated as fine, medium, coarse, or a combined
range (fine to medium).

d. Gradation: Well graded indicates a coarse-grained scoil
which has a wide range in grain size and substantial amounts
of most intermediate particle gsizes. A coarse-grained soil
was identified as poorly graded if it consisted predominantly
of one size (uniformly graded) or had a wide range of sizes
with some intermediate sizes obviously missing (gap-graded).
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e. Density or Consistency: The density or consistency of
the in-place so0oil was estimated based on the number of blows
required to advance the Fugro drive or split-spoon sampler,
the drilling rate and/or hydraulic pulldown needed to drill,
ease (or difficulty) of excavation of trench or test pit, or
trench or test pit wall stability. For fine-grained soils,
the field guides to shear strength presented below were also
used to estimate consistency.

o Coarse-grained soils - GW, GP, GM, GC, SwW, SP, SM, SC (gra-
vels and sands)

Consistency N-Value (ASTM D 1586-67), Blows/Foot
Very Loose 0 - 4

Loose 4 - 10

Medium Dense 10 - 30

Dense 30 - 50

Very Dense >50

o Fine-grained Soils - ML, MH, CL, CH (Silts and Clays)

Shear Strength
Consistency (ksf) (kN/m2) Field Guide

Very Soft <0.25 <12 Sample with height equal
to twice the diameter,
sags under own weight

Soft 0.25-0.50 12.0-24.0 Can be sqgueezed between
thumb and forefinger

Firm 0.50-1.00 24.0-48.0 Can be molded easily
with fingers

Stiff 1.00-2.00 48.0-96.0 Can be imprinted with
slight pressure from
fingers

Very Stiff 2.00-4.00 96.0-192.0 Can be imprinted with
considerable pressure
from fingers

Hard >4.00 >192,0 Cannot be imprinted by
fingers

f. Moisture Content: The following guidelines were used in
the field for describing the moisture in the soil samples:
Dry t No feel of moisture
Slightly Moist Much less than normal moisture

Moist : Normal moisture for soil
Very Moist t Much greater than normal moisture
Wet ¢ At or near saturation

g. Particle Shape: Coarse-grained soils

Angular : Particles have sharp edges and relatively plane
sides with unpolished surfaces
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Subangular: Particles are similar to angular but have some-
what rounded edges

Subrounded: Particles exhibit nearly plane sides but have
well-rounded corners and edges

Rounded: Particles have smoothly curved sides and no
edges

h. Reaction to HCl: As an aid for identifying cementation,
some soil samples were tested in the field for their reaction
to dilute hydrochloric acid. The intensity of the HCl reaction
was described as none, weak, or strong.

i. Degree of Cementation: Based on the intensity of the HC1
reaction and observation, the degree of cementation of a soil
layer was described as weak to strong. Also, the following
stages of development of caliche (cemented) profile were indi-
cated where applicable.

Stage Gravelly Soils Nongravelly Soils
I Thin, discontinuous Few filaments or faint coatings
pebble coatings
II Continuous pebble coat- Few to abundant nodules, flakes,
ings, some interpebble filaments
fillings
III Many interpebble Many nodules and internodular
fillings fillings
Iv Laminar horizon over- Increasing carbonate impregna-
lying plugged horizon tion

j. Secondary Material: Example - Sand with trace to some silt

Trace 5-12% (by dry weight)
Little 13-20% (by dry weight)
Some >20% (by dry weight)

k. Cobbles and Boulders: A cobble is a rock fragment, usually
rounded or subrounded, with an average diameter between 3 and
12 inches (76 and 305 mm). A boulder is a rock fragment, usu-
ally rounded by weathering or abrasion, with an average diameter
of 12 inches (305 mm) or more. The presence of cobbles and/or
boulders was identified by noting the sudden change in drill-
ing difficulty or cuttings in borings or by visual observation
in excavations. An estimate of the size, range, and percentage
of cobbles and/or boulders in the strata was recorded on the
logs.

1. Depth of Change in Soil Type: During drilling of borings,
the depths of changes in so0il type were determined by observing
samples, drilling rates, changes in color or consistency of
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drilling fluid, and relating these to depth marks on the drill-
ing rods. 1In excavations, strata thicknesses were measured
with a tape. All soil type interfaces were recorded on the logs
by a horizontal line at the approximate depth mark.

In addition to the observations recorded relating to soil
descriptions, remarks concerning drilling difficulty, loss of
drilling fluid in the boring, water 1levels encountered, trench
wall stability, ease of excavation, and other unusual conditions
were recorded on the logs.

A5.6 LABORATORY TESTS

Laboratory tests were performed on selected representative
undisturbed and bulk samples. All laboratory tests (except
chemical tests) were performed in Fugro National's Long Beach
laboratory. The chemjical tests were conducted by Pomeroy,
Johnson, and Bailey Laboratories of Pasadena, California.
All tests were performed in general accordance with the American
Society for Testing and Materials (ASTM) procedures. The types
of tests performed and their ASTM designations are summarized as
follows.

ASTM
Type of Test Designation
Unit Weight ....cevvevescsosnsossssecasseses D 2937-71
Moisture Content ....ccsecsscesscssccsssees D 2216-71
Particle-Size Analysis ..ceceesceccsscceese D 422-63
Liquid Limit ..ccecieeeecevscnsesccccnceces D 423-66
Plastic Limit ...civeececcvsccncesccsnnseecss D 424-59
Triaxial COmMPresSion ....eeseeesecesecsesess D 2850-70
Unconfined Compression ..cccceveesscscseces D 2166-66
Direct Shear .....veeceecscsacasscaccesesa D 3080-72
Consolidation ..ccciececenccacascsssccesses D 2435-70
Compaction ..cceceseescsscascscnansassesncss D 1557-70
California Bearing Ratio (CBR) ..¢v0ecee.. D 1883-73
Specific Gravity ceececeeceecencsssseesssss D 854-58
Water Soluble Sodium ....ceeceeevcscsessss D 1428-64
Water Soluble Chloride .cc.cceceeceascccese D 512-67
Water Soluble Sulfate ...cceocseccecceeess D 516-68
Water Soluble Calcium ...cceeececsceceasees D 511-72
Calcium Carbonate ...c.eceeeccececsasscces D 1126-67
Test for Alkalinity (PH) ccececsceecscsssss D 1067-70

A5.7 DATA ANALYSIS AND INTERPRETATION

AS5.7.1 Preparation of Final Logs and Laboratory and Field Test
Summary Sheets

The field logs of all borings, trenches, test pits, and surfi-
cial sample excavations were prepared by systematically combin-
ing the information given on the field logs with the laboratory
test results. The resultant logs include generally the follow-
ing information: description of soil types encountered; sample
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types of intervals, lithology (graphic soil column); estimates
of soil density or consistency; depth locations of changes in
soil types; remarks concerning trench wall stability; drilling
difficulty, cementation, and cobbles and boulders encountered;
and the total depth of exploration. Laboratory test results
presented in the logs include dry density and moisture content;
percent of gravel, sand, and fines; and liquid limit and plas-
ticity index. Also, miscellaneous information such as surface
elevation, surficial geologic unit, date of activity, equipment
used, and dimensions of the activity are shown on the log.

Field CBR test summary sheets were prepared and include the
following information for each test site: depth of test; USCS
soil type; grain-size distribution and plasticity (from lab
testing); in-situ dry unit weight and moisture content (from lab
testing); average field CBR values; and remarks concerning
cementation and induration.

Laboratory data were summarized in tables. All samples which
were tested in the laboratory were listed. Results of sieve
analyses, hydrometer, Atterberg limits, in-situ dry strength
and moisture content tests, and calculated degree of saturation
and void ratio were entered on the tables. Test summary sheets
for triaxial compression, unconfined compression, direct shear,
consolidation, chemical, CBR, and compaction tests were prepared
separately.

The Cone Penetrometer Test results consist of continuous plots
of cone resistance, friction sleeve resistance, and friction
ratio versus depth from ground surface. Beside the plot is
shown a soil column with USCS soil types encountered at the test
location. Other information presented on the log includes
surface elevation and surficial geologic unit.

Volume II titled "Geotechnical Data"™ presents the following
finalized basic engineering data.

Boring Logs Section II - 5.0
Trench and Test Pit Logs Section II - 6.0
Surficial Sample Logs Section II - 7.0
Laboratory Test Results Section I1 - 8.0
Field CBR Results Section II - 9.0
Cone Penetrometer Test Results Section II ~-10.0

A5.7.2 Soil Characteristics

A5.7.2.1 General

The soil characteristics are discussed in two parts, surface
soils and subsurface soils. The following three tables were
prepared and are presented in Sections 3.3 and 3.4 of the
report.

1. Characteristics of Surficial Soils;
2, Thickness of Low Strength Surficial Soils; and
3. Characteristics of Subsurface Soils.
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The following sections, A5.7.2.2 and A5.7.2.3, explain the data
analyses and interpretation used in preparing the above tables.

A5.7.2.2 Surface Soils

In order to define the characteristics of the surficial soils,
data from trenches, test pits, borings, surficial soil samples,
cone penetrometer tests, field CBR tests and surficial geologic
maps were reviewed in conjunction with the laboratory test
results. The soils were then grouped into three categories of
soils with similar general characteristics. These categories,
their descriptions, and associated characteristics were tabula-
ted. This table (Characteristics of Surficial Soils, Table 3-1)
includes soil descriptions by the Unified Soil Classification
System, predominant surficial geologic units, the estimated
areal extent (percent) of each category, important physical
properties summarized from laboratory test results, and certain
road design related data.

The important physical properties summarized include the esti-
mated cobbles content, grain-size analyses, and Atterberg
limits. Ranges for these properties were determined from the
field logs and laboratory test results. These ranges are
useful for categorizing soils, evaluating construction tech-
niques, and providing data for preliminary engineering evalua-
tions and for use by other MX participants.

Road design data presented in Table 3~-1 were developed from
field and laboratory tests and consist of three distinct groups:

1. Laboratory test results;
2. Suitability of soils for road use; and
3. Low strength surficial soil.

These road design related data were considered important because
roads (interconnecting and secondary) constitute a major portion
of the geotechically related costs. The following paragraphs
briefly discuss the development of road design data.

a. Laboratory Test Results: These include ranges of maximum
dry density, optimum moisture content (ASTM D 1557-70) and CBR
(ASTM D 1883-73) at 90 percent relative compaction for each
soil category. The maximum dry density and optimum moisture
content are important quality control parameters during roadway
construction. California Bearing Ratio is the ratio of the
resistance to penetration developed by a subgrade soil to that
developed by a specimen of standard crushed-rock base material
and is the basis for many empirical road design methods used in
this country.

b. Suitability of Soils for Road Use: Included in this group
is suitability of soils for use as road subgrade, subbase, or
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base. Parameters used to make these gqualitative assessments
were characteristics related to CBR, frost susceptibility,
drainage, and volume change potential. The following guidelines
were used in estimating the suitability of soils for road use.

1. Suitability

Very Good -

Good -

Fair -

Poor -

2. Suitability

Good -
Fair -
Poor -
Not

Sujitable -~

The parameters

as a road subgrade.

soils which can be compacted with little effort
to high CBR values (CBR >30), exhibit low frost
susceptibility, fair to good drainage, and low
volume change potential.

soils which can be compacted with some effort
to moderate CBR values (CBR 15~30), exhibit
moderate frost susceptibility, fair drainage,
and medium volume change potential.

soils which can be compacted with considerable
effort to moderate CBR values (CBR 15-30),
exhibit moderate to high frost susceptibility,
fair to poor drainage, and medium volume change
potential.

soils which require considerable effort for
compaction to even low CBR values (CBR <15),
exhibit high frost susceptibility, poor drain-
age, or high volume change potential. These
soils should generally be removed and replaced
with better quality material.

as road subbase or base.
soils which exhibit negligible frost suscepti-
bility, good drainage, and negligible volume

change potential.

soils which require some treatment or processing
to upgrade for use.

soils which would require relatively extensive

processing or soil stabilization to upgrade for
use.

goils which cannot be modified to give adequate
roadway support.

used in the aforementioned suitability ratings

are discussed in the following paragraphs.

i. CBR Characteristics: California Bearing Ratio, which is

commonly

used for road design, is dependent on soil
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type. During previous verification studies, a limited
number of CBR tests were performed on several soil types
which were representative of the surficial soils in
the various Verification Sites. Based on these test
results, a relationship between CBR and percent fines
(percent passing through No. 200 sieve) was established
and is shown in Figure A5-1. Envelopes for clays and
granular soils with plastic fines and silts and granular
soils with nonplastic fines are shown in the figure. This
plot was used to estimate the range of laboratory CBR
values for the various surficial soil categories.

Other Characteristics: These characteristics pertain to
frost susceptibility, drainage, and volume change poten-
tial. They were estimated based on the physical proper-
ties of the soils, results of consolidation tests (for
volume change potential), published literature, and our
experience. Following are the definitions of these
characteristics.

Frost susceptibility is defined as potential for detrimental
ice segregation upon freezing or loss of strength upon
thawing.

Low - negligible to little potential
Moderate - some potential
High - considerable potential

Drainage characteristics pertain to internal movement of
water through soil.

Good - materials which drain rapidly and do not tend
to plug with fines

Fair - natural internal drainage is fairly rapid but
there is some tendency for plugging of voids
with fines

Poor - internal drainage is somewhat slow and plug-
ging with fines can often occur

Practically

Impervious - materials which exhibit almost no natural

internal drainage

Volume change potential corresponds to soil swelling or
shrinkage due to change in moisture content.

Low - 0 to 2 percent volume change
Medium - 2 to 4 percent volume change
High - > 4 percent volume change

fucm waTianaL, NG,




FN-TR27WAT
70
A —
60 {
o)
a
50 +—O- g= ]
o}
e 0
3]
[+ 40
w
a
«
23]
(&
>
[«
Q
<
= 30
(@]
Q
L ¢
o
A
20
10
0
0
PERCENT FINES
4
24 MAR 81




A-35

EXPLANATION

Gravels with nonplastic fines (GM, GW, GP, GP-GM, GW-GM)
Gravels with plastic fines (GC, GC-GM)

Sands with nonplastic fines (SP, SW, SM, SP-SM, SW-SM)
Sands with plastic fines {SC, SC-SM)

Envelope for silts and granular soifs with

nonplastic fines

Envefope for clays and granular soifs with

plastic fines

1. Fines correspond to soil passing through N 200 {(0.074mm

2. California Bearing Ratio at 90% relative compaction.

3. Soil types (GM, SC) are based on Unified Soil Classification
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c. Low-Strength Surficial Soil: The roads for the MX system
will be built on existing ground surface with minimum cut and
fill. Therefore, the costs of roads depend on the consistency
{or strength) of the surficial soil. In order to evaluate the
strength of the surficial soils, cone penetrometer test results
were used.

Low-strength surficial soil is defined as soil which will per-
form poorly (failure of subgrade) as a road subgrade at its
present consistency when used directly beneath a road section.
In order to define "low strength" using CPT results, the fol-
lowing four approaches were pursued. These approaches are sub-
jective and qualitative and are based on our experience as well
as published literature.

i. Field visual observations: During logging of the borings,
the excavation of trenches, test pits, and obtaining sur-
ficial soil samples, consistency or compactness of the
surficial soils was described qualitatively. A detailed
comparison of the CPT results (cone end resistance) and
the consistency of the soils was done for different soil
types. Using engineering judgement, an upper limit cone
resistance was established which encompassed a majority
of the soils likely to perform poorly as road subgrades.

ii. Standard Penetration Test (SPT): SPT is very widely used
and accepted in geotechnical engineering practice in this
country. A study of available literature revealed that
the ratio of cone resistance (qo, tsf) to Standard Pene-
tration Resistance (N, blows per foot) has a certain range
for different soil types. In 1979 Verification studies,
limited field SPTs were performed in Reveille-Railroad and
Big Smoky sites. Ratios of qgo/N were computed for these
tests and were found to be comparable to those reported in
literature for similar soil types. Using the relation-
ships applicable to the soils present in the Verification
sites, an upper 1limit of cone resistance, equivalent to
midrange of "medium dense" category, (SPT N-value = 10 to
30 blows per foot) was established for defining the "low-
strength" surficial soils.

iii. In-Situ Dry Density: A comparison was made between
in-situ dry densities determined from Fugro Drive and
Pitcher samples obtained from soil borings and CPT results
at the same locations and depths. From this comparison,
it was observed that identifiable trends do exist between
cone resistance values and soil densities. 1In this case
also, an upper limit of cone resistance equivalent to
midrange of "medium dense" category (relative compaction),
was established for defining the "low-strength" surficial
soils.

iv. Field CBR Tests: During Verification studies, field CBR
tests were performed in Reveille, Railroad, Pine, Wah Wah,
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Steptoe, Lake, Spring, Stone Cabin, Hot Creek, and Big
Smoky valleys. The procedures for conducting the CBR
tests were as described in the U.S. Army Corps of Engi-
neers' Technical Manual (TM) 5-30, pp. 2-86 to 2-96.
The test results were compared to Cone Penetrometer Tests
performed at the same location. A plot of average field
CBR and average cone resistance was prepared and is pre-
sented in Figure A5-2. The plot shows the results of
the tests in sands only, since tests in gravel and fine-
grained soils were very few. Although there is consider-
able scatter, the majority of the data points fall in a
band which is shown in Figure AS5-2. From this plot, a
range of CPT resistance corresponding to low field CBR
values (indicating low-strength surficial soils) was
established.

As a result of the preceding four approaches, the following
criteria for defining low strength surficial soil were estab-
lished:

de <120 tsf (117 kg/cmz) for coarse-grained soils
gc < 80 tsf (78 kg/cm ) for fine-grained soils

These criteria are preliminary at this stage and may be revised
as more data become available from future verification studies.
The criteria were used to determine the extent of low strength
surficial soil at each CPT location. The results are tabulated
in Table 3-2, "Thickness of Low-Strength Surficial Soil."

A5.7.2.3 Subsurface Soils

Characteristics of the subsurface soils were developed using
data from seismic refraction surveys, borings, trenches, test
pits, and laboratory tests.

The soils were divided into coarse-grained and fine-grained
soils in two ranges of depth, 0 to 20 feet and 20 to 160 feet
(0 to 6 m and 6 to 49 m). Physical and engineering properties
of the soils were then tabulated as "Characteristics of Subsur-
face Soils" (Table 3-4) based on laboratory test results on
representative samples. The table includes soil descriptions,
Unified Soil Classification System symbols, the estimated
subsurface extent of each soil group, comments on the degree of
cementation, estimated cobbles content, and ranges of values
from the following laboratory and field tests: dry dunsity,
moisture content, grain-size distribution, liquid 1limit, plas-
ticity index, compressional wave velocity, unconfined com-
pression, triaxial compression, and direct shear.

The excavatability and stability of excavation walls of a
horizontal or a vertical shelter were evaluated from the
subsurface data using seismic velocities, soil types, shear
strength, presence of cobbles and boulders, and cementation.
Problems encountered during trench and test pit excavations and
drilling of borings were also considered in the evaluation.
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